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THE TRANSLATOR'S 



PREFACE. 



IN a volume of ElTays Phyfical and 
Chemical, written by M, Lavoifier, 
which I tranflated and publifhed a 
few years iince, a number of additional 
effays were announced, on various im- 
portant fubjedts, with which that inge- 
nious philofopher promifed foon to favour 
the public. Other avocations, it fhould 
feem, have prevented the fulfilling of his 
engagement, and he appears to have been 
principally occupied in an attempt to 
overthrow Stalh's doftrine of phlogifton, 
and in an invedigation of the nature and 
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vi PREFACE. 

conftitution of the acids. The refult of 
his inquiries he has communicated to the 
royal academy of fciences in a feries of 
memoirs, a tranflation of which is now 
prefented to the public. 

Phlogiston had been fo much talked 
X)f, though never feen, by chemifts, being 
cognifable only by its efFedls, that many 
began even to doubt its exiftence, and 
to regard it rather as a creature of the 
imagination, than as a real and powerful 
agent, concerned in fome of the moft 
important operations of nature. Among 
others, our author had entertained thefe 
doubts; and, imagining he faw ftrong 
objections to Dr. Prieftley's theory of 
the phlogiflication of air, he thought the 
changes efFedled in it, by various proceffes, 
might be accounted for on different prin- 
ciples. 

Dr. Priestley had fuppofed that 
fixed air is one of the conflituent parts 

of 
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of common air, and that, whenever a 
quantity of phlogifton is thrown into the 
latter, it feparates the fixed air, and be- 
comes united to the remainder, which 
has a greater affinity to it than to the 
fixed air, and forms phlogiflicated air. 

M. Lavoisier however contends that 
this is not the cafe ; that atmofpheric air 
confifts of about I of very pure air, and 
i of mephitic gas, which, when detached 
from its purer portion, is no longer fit 
for the purpofes of air; and he denies 
that any fixed air is naturally contained 
in atmofpheric air, but afierts that it 
proceeds from the union of coaly matter 
with the above pure part or Dr. Prieft- 
ley's dephlogifticated air, a term which 
M. Lavoifier is not altogether difpofed 
to admit. 

Another objedion of M. Lavoifier to 
Dr. Prieftley's theory of the phlogifti- 
cation of air, was founded on the different 

A 3 views 
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views iQ which thefe two philofophers 
beheld the phaenomena which take place 
during the calcination of metals, and their 
fubfequent redudtion to a metallic form. 
Dr. Prieftley had fuppofed that a fepa- 
ration of the fixed air being efFeaed by 
the phlogifton, this air is united to the 
metallic calx, and that, during the re- 
dudlion, the calx recovers its phlogiflon, 
and parts with the fixed air. On this 
M. Lavoifier obferves, that it is probable 
the air abforbed is not fixed, but pure air, 
and that, could we reduce the calxes 
without addition, it would be feparated 
again pure. This is aftually the cafe 
with the calx of mercury, which requires 
no addition for its reduction, and yields 
pure dephlogifticated air wnen it recovers 
its metallic form. But the other calxes 
requiring the addition of fome coaly mat- 
ter, this, he imagines, debafes the pure 
air, and changes it into fixed air. The 
agency of phlogifton, therefore, in this 
cafe alfo, he regards as gratuitous, and 

not fufficiently founded on fadls. 

The 
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The exiftence of phlogifton, however, 
has not only been proved, but Dr. Prieft- 
ley has clearly fhewn that phlogifton and 
inflammable air are the fame thing, with 
this difference only, as Mr. Kirwan re- 
marks, that when, in a ftate of elaflicity, 
it poflefTes fo much fire as is requifite to 
give it the form of vapour, and that this 
air is capable of being wholly abforbed 
in the redudtion of metals, and of re- 
ftoring to the calxes their prifline metallic 
fplendor and malleability.* 

There can be little doubt, therefore, 
that the phlogiflication of air really takes 
place in many procefTes ; but perhaps it 
may produce its efFe(3:s in a manner fome- 
what different to what Dr. Prieftley ori- 
ginally imagined. The idea of that ex- 
cellent philofopher feemed at firfl well 

* I AM informed that Dr. Priellley has delivered an 
account of his intereiting experiments and remarks, on 
this fubjedl, to the Royal Society. 
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founded; but recent fadts have thrown 
a different appearance on the fubjedt. Of 
thefe none are more convincing than the 
experiments of M . Lavoifier on the com- 
buflion of pyrophorus, by which almoft 
the whole of the dephlogiflicated air em« 
ployed, inftead of being phlogifticated in 
the fenfe of Dr. Prieftley's term, was 
conyerted into fixed air. 

Now as the being of phlogifton can 
be no longer doubted; as Dr. Prieftley 
has literally given *' to airy nothing a local 
habitation and a name {' and has em- 
bodied and rendered vifible this Proteus 
which has fo long eluded the grafp and 
fight of the chemift; the truth may, per- 
haps, without much difficulty, be found, 
by changing M. Lavoifier's term coaly 
matter, matti^re charbonneufe, for that of 
phlogifl:on ; and allowing that, inftead of 
wholly uniting with the refiduum, it 
partly combines with the pure or dephlo- 
gifticated portion of the common air, and 

thereby 



PREFACE. xi 

thereby forms the aerial acid or fixed air^ 
which is^ in fa£t^ a true phlogifticated 
acid. 

The other objedion has been anfwered 
by Mr. Kirwan, in his admirable paper 
on the fpecific gravities^ &c. of faline fub- 
ftances.* Mercury affords inflammable 
air^ and confequently contains phlogiflon. 
This phlogiflon mufl fly off during the 
calcination^ and form fixed air, which will 
be abforbed by the calx. And though 
the calx, when reviving, yields dephlo- 
gifticated air, this may depend upon the 
mercury's attrading the phlogiflon from 
the air, and applying it to its own re- 
duction. 

That fixed air contains phlogiflon has 
been proved by Mr. Kirwan, and he has 
even determined the amount of it to be 
in the proportion of 14,661 grains of 

* Phil. Tranf. Vol. LXXII. p. 227. 

phlogiflon. 
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phlogifton, and 85,339 of pure air in 
too grains of that gas. And he computes 
that 100 cubic inches of dephlogiflicated 
air are converted into fixed air by 7,2165 
grains of phlogifton, and will then be 
reduced to the bulk of 86,34 cubic inches; 
and that, reciprocally, 100 cubic inches 
of fixed air being decompof^d, will aflford 
115,821 cubic inches of dephlogifticated 
air, and part with 7,2165 grains of phlo- 
gifton, fuppofing the decompofition to be 
complete, or, in other words, th*e dephlo- 
gifticated air to be quite pure.* 

We therefore feem to be arrived at a 
pretty perfedt knowledge of the con ft i- 
tuent parts of one of the acids, viz. the 
aerial, which appears to be compounded 



* Phil. Tranf. Vol. LXXII. p. 236. — Mr. Kirwaxi 
alfo mentions Dr. Prieftley's very candid approbation 
of his account of the conftitution of fixed air, though 
fo contrary to opinions which the Doftor had advanced 
in his lad publication. An imftance of philofophical 
candour highly to be admired and worthy of imitation. 

of 
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of the pure part of atmofpheric air, united 
with phlogiflon, and, in its elaftic ftate, 
alfo containing a portion of latent heat, 
or as M. Lavoifier, perhaps as properly 
calls it» fixed fire. 

Many of th^ enfuing efTays flrongly 
tend to demonflrate that this pure air 
enters, alfo, as a principal component 
part, into the conftitution of the other 
acids;* but we yet remain unacquainted 
with the true nature of the other portion, 
by the variety of which, each acid feems 
to be djflinguifhable from the others. 
M. Lavoifier has fuppofed the vitrio- 
lic acid to be formed by the jundtion 
of fulphur to pure air, and that ful- 
phur is formed by depriving vitriolic acid 
of this air. Should we not rather fay, 
that when vitriolic acid is formed, the 

* The Abbe Fontana and Mr. Berthollet had before 
ihewn, that the acid of ants and the vegetable acids 
coniift of fixed air^ or are^ at leaft^ refolvable into it. 
Vide Cavallo's Treatife on Air, p. 607. 
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fulphur throws off its phlogifton, a part 
of which, joining with the pure portion 
of the atmofphere, is again at traded by 
the bafis of the fulphur, and, thus com- 
bined, forms the acid ; and, on the con- 
trary, that when this acid is reconverted 
into fulphur, the balls parts with the pure 
air, and recovers its phlogifton ? 

An experiment of Dr. Prieftley's, which 
he lately communicated to Dr. Percival, 
greatly elucidates and almofl: confirms 
this opinion. Having mentioned his 
having formed fulphur by the union of 
inflammable air with vitriolic acid, as 
a proof of the identity of that air with 
phlogiflon ; he adds, that he had alfo 
proved, more unexccptionably than be- 
fore, that the eleftric matter contains 
phlogifton, by making it to pafs through 
the air, confined by the acids, in a 
fyphon. ** When," fays he, ** I ufe the 
" dephlogifticated marine acid, the air is 
** diminiflbed by the proccfs, and dephlo- 

** gifticated. 
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'^ gifticated. If I ufe the phofpboric acid 
" or l\it phlogijiicated alkali^ the air is firft 
'^ diminished, and then increafed by an 
^^ addition of inflammable air. If I ufe 

** VITRIOLIC ACID Or the NITROUS ACID, 

*' there is a produStion of dephlogis- 
** TiCATED air, fofier than the eleSiri- 
" city can injure it.'' Now, from whence 
can this dephlogifticated air proceed, 
but from a decompofition of the acids by 
the phlogifton of the eledlric matter, in 
which the pure air is feparated, while 
the phlogifton, combining with the 
remaining part or bafis of this acid, forms 
a fulphur ? 

Whether the phlogifton, by means 
of which the pure air is feparated, and 
which uniting therewith forms fixed air, 
be admitted into the compofition of the 
acid, or rejedled when that air lofes its 
clafticity, is not as yet afcertained. It is 
probable, that the acid not only receives 
its acidifying principle from the pure air, 

but 
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but alfo its fire or abfolute heat. Now 
though Dr, Crawford has fhewn that 
bodies which contain much phlogifton 
poiTefs little abfolute fire (thefe fubflances 
repelling each other ; fo that the addition 
of phlogiflon to any fubflance expels 
from it a part of its fire, and, on the 
other hand, the addition of fire feparates 
a part of its phlogifton) yet it appears 
that their coexiflence is not incompatible ; 
inflammable air, as was before obferved, 
owing its elafticity to a portion of fire 
with which it is combined.* Now as 
a fmall portion of phlogiflon, added to 
vitriolic acid, makes volatile vitriolic acid, 
and a larger dofe fixes it and forms 
fulphur, perhaps a very minute quantity 
may be necefTary to the compofition of 
the acid. 

M. Lavoisier objedling, and with 
fome reafon, to the appellation of fixed 

* Kirwan, Phil. Tranf. Vol. LXXII. p. 209. 

air. 
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air, has, in the fubfequent eiTays, deno- 
minated it, the chalky aeriform fluid or 
acid; and the academy not fatisfied with 
this name, as being too confined, have 
preferred that of gafeous air. But, as the 
cuftomary term is beft known to Englifh 
readers, I have thought proper to re- 
tain the ufe of it, till philofophers, in 
general, have agreed upon the adoption 
of a new one. 
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EXPERIMENTS 



ON THE 



RESPIRATION OF ANI MA L S, 



AND ON THE CHANGES EFFECTED ON THE 



AIR IN PASSING THROUGH THEIR LUNGS. 



OF all the phenomena of the animal 
oeconomy, none is more ftriking, none 
more worthy the attention of philofo- 
phers and phyfiologifts than thofe which ac- 
conipany refpiration. Little as our acquaint- 
ance is with the objed of this Angular funftion, 
we are fatisfied that it is eflential to life, and 
that it cannot be fufpended for any time, with- 
out expofing the animal to the danger of 
immediate death. 
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• • * 

•It. is univerfally known that air is the agent, 

- pn'rather the fubjeft of refpiration ; but at the 

■-fahie tincie all forts of air, or more generally 

'*"-. Ipeaking, all forts of elaftic fluids, are not 

proper for the purpofe, nay, there are many 

kinds which animals cannot breathe, without 

perifhing, at leafl, as foon, as if they had no 

air to refpire. 

The experiments of fome philofophers, and 
efpecially thofe of MefTrs. Hales and Cigna, 
had begun to afford fome light on this im- 
portant objeft ; and. Dr. Prieftley has lately 
publifhed a treatife, in which he has greatly 
extended the bounds of our knowledge; and 
has endeavoured to prove, by a number of 
very ingenious, delicate, and novel experiments, 
that the refpiration of animals has the property 
of phlogifticating air, in a fimilar manner to 
what is efFefted by the calcination of metals 
and many other chemical proceflTeSi and that the 
air ceafes not to be refpirable, till the inftant 
when it becomes furcharged, or at leafl: fatu- 
rated, with phlogifton. 

However probable the theory of this cele- 
brated philofophcr may, at firft fight, appear; 

however 
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however numerous and well condufted may be 
the experiments by which he endeavours to 
fupport it, I muft confefs I have found it fo 
contradiftory to a great number of phenomena, 
that I could not but entertain fome doubts of it. 
I have accordingly proceeded on a different 
plan, and have found myfelf led irrefiftibly, 
by the confequences of my experiments, to very 
different concluf^ons. It will not be neceffary, 
at prefent, to^ difcufs, particularly, each of 
Dr. Prieflley*s experiments, nor to fhew how 
they all contribute to confirm the opinion 
which I am proceeding to communicate in this 
memoir : it will be fufficient to relate my own, 
and to give an account of their refults. 

In a convenient apparatus, which it would 
be difficult to defcribe without the aid of en- 
gravings, fifty cubic inches of common air 
were inclofed, to which I introduced four 
ounces of very pure mercury, which I pro- 
ceeded to calcine by keeping it, during twelve 
days, in a degree of heat almofl equal to that 
which is neceffary to make it boil. 

Nothing remarkable occurred during the 
firfl: day : the mercury, though it did not boil, 

B 2 was 
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was in a coptinual ftate of eyappration^ fmaU 
drops of it, which were at firft very minute, 
lined thg infide of the yeiaels, and gradually 
increafing till they acquired a certain bulk, 
fell again by their own gravity to the bottom. 
On the fecond day I could obfery^ fame fmall 
red particles fwimming oxx the furfecc of the 
mercury, which, in a few days, increafed both 
in number and bulk. Qn the twelfth day, 
having extinguiftied the fire aiid fviffered the 
veflels to cool, I obferved that the air, which 
they contained, was diminilhed to the amount of 
froni eight to nine inches, viz. about ^ of its 
volume : at the fame time a confiderable por- 
tion of mercurius precipitatus per f^, or cal- 
cined mercury, was formed, which I computed 
to be about forty-five grains. 

This air, which had been thus diminiflied, 
did not precipitate lime-water 9 but it extin- 
guiftied candles, and animals, immerfed in it, 
periflicd in a ftiort time : it no longer afforded 
red vapours, when mixed with nitrous air, nor 
was diminiftied by it. In fliort, it was abfo- 
lutely reduced to a mephitic ftate. 
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I-t has been proved by Dr. Prieftley's, and 
alfo by my own, experiments, that calcined 
mercury is merely a combmation of that metal 
with abbut ^t P^^ of ^^s weight of air, much 
better and more refpirabfc, if the expreffion 
may be allowed, than common air : it fhould 
appear then, as proved, that, in the preceding 
experiment, the mercury, as it calcined, had 
abforbed the beft and moft refpirable part of 
the air, and left only the mephitic or unre- 
fpirable part. The following experiment con- 
firmed me more and more in the truth of this 
opinion. 

I CAREFULLY collcdlcd the forty-fivc grains of 
calcined mercury which had been formed in the 
preceding experiment j ahd putting it into a 
very fmall glafs retort, the neck of which was 
turned up fo as to pafs under the edge of a 
bell-glafsi filled with, and inverted into, ^vater, 
I proceeded to reduce it without addition. By 
this operation I recovered nearly the fame quan- 
tity of air which had been abforbed during the 
calcination 9 namely, between eight and nine 
cubic inches, which, when recombined with the 
air which had been vitiated by that procefs, re- 

B 3 ftored 



6 EFFECTS OF RESPIRATION 

ftored the latter, pretty exaftly, to the fame ftate 
in which it had been, previous to the calcination 
being performed in it, viz. that of common air j 
for now candles were not extinguifhed in itj 
animals no longer perifhed in it, and it was 
nearly as much diminiftied as atmofpheric air, 
by the addition of nitrous air. 

We have here the moft complete proof, that 
chcmiftry can afford, of the decompofition and 
recompofition of ajr ; from whence it evidently 
refults, I ft. that ^ of the air which we breathe, 
arc mephitic, or incapable of fupporting the 
refpiration of animals, or the inflammation 
and combuftion of bodies : adly. that the fur- 
plus, or 4- only of the volume of atmofpheric 
air, is refpirable : jdly. that, in the calcination 
of mercury, this metallic fubftance abforbs the 
falubrious part, leaving only the mephitic por- 
tion of the air : 4thly. that by reuniting thefc 
two portions which had been feparated, we can 
recompound air, fimilar to that of the atmo-. 
fphere. 

These preliminary truths, relative to the cal- 
cination of metals, tend to lead us to plain con- 

fequences 
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fequences concerning the refpiration of aninrials j 
and as the air^ which has ferved fome time for 
this vital office^ has much relation to that in 
which metals have been calcined^ our know- 
ledge> relative to the one^ leads us naturally to 
an application of it to the other. 

I PLACED a (parrow under a glafs receiver, 
filled with common air and (landing in mer- 
cury, capable of containing thirty-one cubic 
inches : the bird did not feem at all affedted 
at firft, except that it was a little ftupefied : in 
a quarter of an hour it began to be agitated ; 
its refpiration became laborious and rapid ^ and, 
from this inftant, the fymptoms of diftrefs in- 
crcafed, till, at the end of fifty-five minutes, 
it died convulfed. — Notwithftanding the heat 
of the animal, which neccffarily, at firft, rare- 
fied the air in the receiver, there was a fen- 
fible diminutidn of its bulk, which at the 
end of fifteen minutes amounted to about 
^V> but inftead of increafing afterwards, the 
diminution became fomething lefs in about half 
an hour 5 and when the animal was dead, and 
the air in the receiver had recovered the tem- 
perature of the room where the experiment 

B 4 was 
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was made, the diminution did not appear to be 
more than -^s-* 

This air, which had been refpired by the 
fparrow, was become very different from that of 
the atmofphere : it precipitated lin(\erwateri ex- 
tinguiftied candles, and fuffered no diminution 
by the teft of nitrous air : another bird, intro- 
duced into it, exifted but a few moments : it 
was, in fhort, entirely mephitic, and, in that re- 
fped:, appeared much fimilar to that in which 
mercury had been calcined. 

But a more attentive examination difcovered 
to me two very remarkable differences between 
the two airs: ill, the diminution of that, in 
which the fparrow had died, was much left than 
that of the air which had been employed for 
the calcination; and, 2dly. the refpired air pre- 
cipitated lime-water, on which the other pro- 
duced no change. 

This difference between thefe two.airs, on the 
one part, and, on the other, the great analogy 
which appeared between them, in many refpefts, 
led me to prefuftie, that two caufes are compli- 
cated 
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Gated in wfpiration, of which probably I was 
hitherto acquainted only with one; and to 
clear up nny fufpicions on the fubjeft, the fol- 
lowing experiment was made. 

Ii^To a jar filled with, mercury, and inverted 
in,to the fame, were paflfed twelve inches of air, 
vitiated by refpiration ; and a thin ilratum of 
cauftic fixed alkali was introducecl to the furface 
of the metal. I might have made ufe of lime- 
water, but the neceffary quantity of it would 
have been^ too confiderable, and would have 
impeded tl^ fucceis of the experiment. 

The effedu of the cauilic alkali was toocca- 
fion a, diminution in t;he volume of thiis.air, of 
i^early 4^; while, at tjhe fame time the alkali: 
had, in part, loft its cauflipity, and acquired 
tl)e property of efiervefcing with, afiidsii it alfo. 
cryftallifed within, the glafs, even ^nder a very 
regular rhgmbpidal form; properties which we 
know could not be communicated to it, but by 
combining it with that fpecies of air or gas^ 
known by the napi^ of fixed air : from whence 
it appears . that air, vitiated by refpiration, con- 
tains nearly ^ of an aeriform acidj perfe6Uy 
fimilar to that obtained from chalk. 

The 
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The aifj thus deprived of its fixable part by 
the cauftic alkali^ was fo far from being re- 
eftablifhed in the ftate of common air^ that^ on 
the contrary^ it approached nearer to that of the 
air which had been employed in the calcination 
of mercury, or, more properly, was exaftly the 
fame ; for neither candles could bum, nor ani- 
mals live in it j nor could I perceive, fiom any 
experiments I made, the leaft difference be- 
tween the two airs. 

Now air which has ferved for the calcination 
of metals, is, as we have already feen, nothing 
but the mephitic refiduum of atmofpheric air, 
the highly refpirable part of which has com- 
bined with the mercury, during the calcination : 
and the air which has ferved the purpofes of 
reipiration> when deprived of the fixed air, is 
exaftly the fame j and, in faft, having com- 
bined, with the latter refiduum, about ^ of Its 
bulk of dephlogifl:!cated air, extrafted ftom the 
calx of mercury, I re-eftabliflied it in its former 
ftate, and rendered it equally fit for refpiration, 
combuftion, &c, as common air, by the fame 
method as that I purfued with air vitiated by 
the calcination of mercury. 

The 
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The refult of thefe experiments is, that to 
reftore air that has been vitiated by refpiration, 
to the ftate of common refpirable air, two 
cfFefts muft be produced: ift. to deprive it 
of the fixed air it contains, by means of quick* 
lime or cauftic alkali : adly. to reilore to it a 
quantity of highly refpirable or dephlogifticated 
air, equal to that which it has loft. Refpira- 
tion, therefore, afts inverfely. to thefe two 
eiFeds, and I find myfelf in this refped led 
to two confequences equally probable, and 
between which my prefent experience does not 
enable me to pronounce. 

After what we have feen, it may be con- 
cluded, that one of the two following elFeds 
is produced by refpiration : either the highly 
refpirable portion contained in common air, 
is converted into fixed air, in palling through 
the lungs, or elfe an exchange is made in that 
viicus ; on one part the dephlogifticated air is 
abforbed, and on the other, the lungs throw 
out a portion of fixed air, nearly equal in bulk 
to the other. 

The firft of thefe opinions is fupported by 
an experiment which I have already commu- 
nicated 
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skated to the academy. For I have (hewn in a 
n^emoir, read at (tor public Eafter meetings 1775, 
(hat dephlogifticated air may be wholly con- 
verted into fixed air by an addition of powdered 
charcoal ; and^ in other memoirs^ 1 have 
proved that this converfion may be efFefted by: 
ibveral other methods : it is poHible^ therefore>' 
that refpiration may pofTefs the lame property, 
and: that dephlogifticated aity when taken into: 
th«^ lungs^ is thrown out again as fixed air. 
But, on the other hand, ftrong analogies feemi 
to^ militate in favour of the fecond opinion^ 
and lead us to believe that a^ portion of the 
pure air remains in the lungs, and is combined 
with the blood. We know^ that it is one pro- 
perty of this- air to communicate a red colour 
to bodies, and efpecially to metallic fubftances, 
with which it is combined : mercury, Icad^ 
and iron furnilh examples of this- fadt. Thefe 
metals form,.with highly refpirahle air, beautiful 
red calces, the firft under the name of calcined 
mercury, or red precipitate of mercury; the 
fecond under that of minium i . and- the third, 
of colcothar. The fame efFefts, the fame phe- 
nomena, are obfervable, in the calcination of 
metals and in the refpiration of animals; all the 

circum- 
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circumftance^. are the fame, even to the colour 
of the refiduums. May we not then fuppofe 
that the red colour of the blood depends on the 
combination of dephlogillicated air^ or, to 
Ipeak more accurately, of its bafis with an 
animal fluid, in the fame manner as the colour 
pf red precipitate of mercury and minium is 
owing to the combination of this bafis with a 
met^lic fubftance ? Though this coniequeiice 
has not been deduced by Mr, Cigna, Dr. 
Prieftley, and other moderns who are occupied 
on this objeft, I will venture to fay that there 
is none of their experiments that do not tend, 
in appearance, to confirm it; nay, they have 
proved, and more efpecially Dr. Prieflley, that 
the blood is red only in proportion as it is con- 
tinually in contaft with atmofpheric, or with 
dephlogiflicated airs that it becomes black in 
fixed air, in nitrous, in inflammable, and in all. 
unrefpirable airs, and alfo in the exhaufl:ed re- 
ceiver of an air-pump : that on the contrary 
it recovers its red colour, when placed again 
in contaft with air, and efpecially if it be de- 
phlogifticated, and that this refl:oration of colour 
is confl:antly attended by a diminution in the 
volume of air. Does it not then follow, from 
all thefc fads, that this pure fpecies of air has 

the 
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the property of combining with the bloody and 
that this combination cohftitutes its red colour. 
But whichever of thefe two opinions we cm- 
brace, whether that the refpirable portion of 
the air combines with the blood, or that it is 
changed into fixed air in palling through the 
lungs ; or laftly, as I am inclined to believe, 
that both thefe elFeds take place in the aft of 
refpiration, we may, from fafts alone, confider 
as proved,* 

I ft. That refpiration afts only on the 
portion of pure or dephlogifticated air, con- 
tained in the atmofphere 5 that the refiduum or 

* That triply ingenious philofopher Dr. Crawford 
has proved that dephlogifticated air contains a large pro- 
portion of abfolute heat, and on this fa6l has founded 
a very probable theory of the caufe of animal heat. He 
fuppofes that this pure part of atmofpheric air has a 
greater affinity to phlogifton than to heat, and therefore 
that when a quantity of atmofpheric air is infpired by 
the lungs, the pure part receives the phlogifton which is 
continually throwing off from the blood, by means of 
the bronchial veficles, and in return parts with a quan- 
tity of abfolute heat, which is abforbed by the blood. 
In every procefs in which there is an emiffion of phlo- 
gifton, fixed air is formed, and feems to confift of phlo- 
giilon united to the pure part of the atmofphere. T. H. 

mephitic 
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mephitic part is a merely paflive mediuin which 
enters into the lungs, and departs from them 
nearly in the fame ftate> without change or 
alteration. 

adly. That the calcination of metals, in a 
given quantity of atmofpheric air, is elFefted, 
as I have already often declared^ only in pro- 
portion as the dephlogifticated air, which it 
contains, has been drained, and combined with 
the metal. 

3dly. That, in like manner, if an animal 
be confined in a given quantity of air, it will 
perifh as foon as it has abforbed, or converted 
into fixed air, the major part of the refpirablc 
portion of air, and the remainder is reduced to 
a mephitic ftate. 

4thly. That the fpccies of mephitic air, 
which remains after the calcination of metals, 
is in no wife different, according to all the 
experiments I have made, from that remaining 
after the refpiration of animals j provided al- 
ways, that the latter refiduum has been freed 
from its fixed air : that thefe two refiduums may 
be fubftituted for each other in every experi- 
ment. 
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ment, and that they may each be reflx>red to 
the ftate of atmofpheric airy by a quantity of 
depkte^ifticated air, equal to that of which 
they had been deprived. A new proof of this 
laft fadt is, that if the portion of this highly 
refpirable air, contaiined in a given quantity of 
the atmofpheric, be increafed or diminiflied, in 
fuch proportion will be the quantity of metal 
which we fh^ll be capable of calcining in it, 
and, to a certain point, the time which animals 
will be capable of living in it. 

The limits which I have prefcribed to myfelf 
in this memoir, will not permit me to. enter on 
many other experiments which tend to the fup- 
port of the theory I have advanced. Of this 
number, is a part of thofe which Meffrs. Tru- 
daine, de Montigny, and myfelf have lately 
made, in the Montigny laboratory. There is 
reafon to hope that thefe experiments will throw 
ftill additional light, not only on the refpir 
ration of animals, but alio on combuftion: 
operations which have a much ftrbnger relation^- 
Ihip to each other, than we may, at firft fight, 
believe* 
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ESSAY 11. 



On th? CpMBUSTION of CANEILES 
IN ATMOSPHERIC AIR aud m 
DEPHLOGISTICATED AIR. 



IT having been fufficiently proved that the 
air of the atmofphere is not a iimple fub- 
ftance or element^ as the ancients believed, and 
has been imagined even in our own time s but 
that it is compofed in part only of very 
pure or dephlogifticated air, and that the re^ 
mainder, which is perhaps ftill a compound, 
is mephitic, and incapable of luppdrting either 
animal life, combuftion. or flames it 'will be 
neceflary, in order that this effay niay be in-^ 
telligiblc, td diftinguifh four Ipecies of aeriform 
fluids. 

ift. Atmospheric iir, in which we live, 

refpire, &c. 

C adly. Pure 
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adly. Pure or dephlogifticated air, which 
forms about ^ of the compofition of atmofpheric 
air. 

3dly. The mcphitic part of atmofpheric air, 
which forms ^ of its compofition; with the 
nature of which we are as jret wholly unac* 
quainted. 

4thly. Fixed air, as it is commonly called, 
which may exift either in a ftate of elafticity, 
or quiefcent and united with other bodies. 

Those who have been employed in making 
experiments on the burning of candles, have 
been convinced that a confiderable diminution 
took place, during the combuftion, in the volume 
of air. To prove this> a very fimple but in<« 
conclufive experiment has been made. A lighted 
candle, has been placed on the plate of an air- 
pump, and being covered with a receiver, it 
has been obferved that the candle was foon ex- 
tinguifhed, and that as foon as the veflels were 
become cold, the receiver adhered to the plate. 
But this' effeft could not be produced except 
the volume of air, remaining in the receiver 
after the combuftion^ were finaller than it was 

previous 
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previous tx> the intxodudlion of the candle. But 
attention has not been paid to this circumftance, 
that a candle cannot be placed under a receiver, 
but the contained air muft be heated at the 
inftant when the candle is introduced, and 
before the receiver can be applied to the plate. 
The air included in the receiver therefore being 
hot, it will diminiih in bulk as it grows cooU 
and this may account for the adhefion of the re- 
ceiver to the plate, when the candle is extin- 
guifhed and the vefTels cooled. 

It is proper alfo to remark, that there are 
few air-pumps which do not admit of the paf- 
• fage of fome portions of air, between the leather 
and the edges of the receiver 5 efpecially when 
the receiver, fo far from adhering to the plate, 
is rather puflied from it, by the rarefadlion of 
the internal air s confequently, there is almoft 
always an efcape of air while the candle con- 
tinues to burn; and as there will not remain 
a fufficient quantity under the receiver to balance 
the preflbre of the atmofphere, another caufe is 
formed of the receiver's adhering to the plate. 

Experiments made in jars immerfed in water 
are equally unfatisfadlory. ift. The air is rare- 

C a fied 
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fied when the c&ndle is introduced; and'continuea 
CO dikte during the combuftion, and^ tftpereforci 
a ctmfiderablt portion of it efcapes at the rim 
of the jar. Hence it is innpofliWe to afcertain 
the quantity of air on which we operate, nor 
the real amount of the diminution in its bulk. 
2dly. The burning of candles has the property 
of changing a part of the atmofpheric air into 
fixed air 5 and a& the latter is capable of corn*- 
bining with water, fuppofing a diminution in 
the bulk of the air to have been caufed by the 
combuftion, and taken place during the ex- 
periment, it is impoflible to diftinguilh it from 
that which proceeds from the combination of 
the fittd air with the water. 

Ttt£3ie refleftions induced me to take another 

method, and convinced me of tfae neoeffity of 

operani^ over mercury. I accordin^y began 

by immerfing a glais jar, at the (ame time in<- 

<£ning it to a certain angle, into a bafm of 

mtronry i and then fening it iq)right, I marked 

die {>lace which anfwered to the furfece of the 

quickfilver, and repeated this trial fo ofiien, tbtfc 

I was affured that the mercury correfponded 

very nearty each time with the marie I had firft 

made on the jar. 

Being 



"■' 'BfiNO- thus convinced of .the pra6ticability 
of aiways indofiog the £une qiiaiicrty of air 
under the ja^> by Aifficieat care an3 attention ; 
I pro&sed^ in the IcitM mahnerj holding the 
'^t ihdined and partly Ringed in quickfilver 
in m^ left hand» and, with my right, intro- 
ducing under it, very quickly, a fmall lighted 
wax candle, ^be introduftion of the candle, 
the immerfion and elevation of the jar^ ought 
to be pierfonned in an inftant, and it will fae 
neoefTary to prai6iife thcTe evolutions, till ilich 
a degree of dexterity be acquired by the ex- 
p^lmeflter, as to enable bim to perform all 
thdfe operafttons ,in zn almoft indivifiUe ipace 
of time. 

• • " ■ ... * 

• 

Ii^ a few momenfts after the candle has >been 
indofed in the jar, it begins to give a weaker 
fight, and, tn a (hort tkne, is extiDgiij^ed. 
The mercury, as might be expefted, de- 
fcends, at firft, rapidly, owing to tht heat and 
rarefiiftion of the confined aSr^ but w%en the 
candle is extinguiftied, and the veflcls are per- 
feiftly coded, it returns pretty exa(93y to the 
mark which had been made befoirc the intro- 
duftidn of the candle. I have «fed the expref- 
' C 3 fion 
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fion prefty exaSly, as It is impoflible to anfwer 
for very trifling diflferences in this experiixient, 
becaufe thai flight errors^ as to the height of 
the mercury, may be caufed by fome little va- 
riation in inclining the jar more or lefs, or by 
fome circumftances attending its elevation. 

r 

The refult of this experiment did not con- 
vince me that the burning of a candle occa* 
fioned no fenfible diminution in the volume- of 
air ; it was ftill neceflary to determine the ftate 
^ of the air after the combuftion, and the changes 
that might have been efieded in it. I therefore 
introduced to the air in the jar, in which the 
candle had been extinguiihed, a fmall portion 
.of a cauftic lixivium of fixed alkali. The volume 
of air was prefently diminiflied, and reduced 
from 26 to 23 1 inches ; fo that the diminution 
amounted to nearly ^ of the original quantity 
of air. At the fame time the cauflic alkali had 
acquired the property of efFervefcing with acids ; 
which proved that the diminution had been oc- 
cafioned by the fixed air combining with the 
alkali : for when I added a fmall portion of 
vitriolic acid to the alkaline ley in the jar, a 
briik efiervefcence enfued, the abforbed air was 

again 
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again feparated, and the mercury redefcended 
•almoft exaAly to the mark which I had made 
on the jar. . 

. Though this experiment was perfeftly con- 
.clufive in fome refpeds, it was ilill infufficient 
to my viewsj relative to the diminution of the 
bulk of air by combuilion, and there remained 
ilill fometh.ing incomplete on this fubjeft. For 
r^opfiderable differences in the experiment might 
be caufed merely by inclining the jar more or 
lefs, and it was very poffible that the diminution 
of tt^e air might have been counterbalanced by 
fome. error in, the procefsj I therefore refblved 
to take every precaution in my power^ to obtain 
a refult that fhould be more certain^ ^nd free 
from every kind of error ^ to which purpofe 
the following experiment appeared, to me likely 
to be nK>re decifive. 

In the middle of a glafs ftand, was placed 
a fmall wax candle -, and on the top of the wick^ 
was fixed a fmall piece of Kunckel's phofphorus^ 
weighing about ^ o£ sl grain. The (land was 
then placed in a bafm of mercury and covered 
with a jar, andj by means of a fyphon, I 
raifed the mercury, by fuftion, to a certain 

C 4 elevation 
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ibt^vatioii which I msu-ked dac&lf nHth .a fiip j»f 
paper. Eveiy thing beii^ thu& diipofedy i 
made a piece of iron wire red hot^ having firit 
bent it for the purpofc, and then pafled it 
liirdugh the miercury, ihto the jar^ fb as totouch 
the ixip of the eandle ihd M fitttoth^mU: 
^fecfc. of phofphoWs. Thbu^ the me ffiiift, 
mdet&tiAyt have beeh ^Uth ^66lkd in ^^^ 
through ihH rineitviry, k ftill retS^iid Akffic^t 
heat to inMiit thie ph<yfphOf^> ifertd bj^ thi^ 
Vndihs the caiidle Wiis lighted, as I expfci^. - 

WhiIe the caftdte cofttihued. lib burh, tfefe 
iir was ra'rdRedj 6ut when it was bxtinjguiffijed^ 
the 'merciMy rtrfldteiitted iiifthfiMyi JA ptopifp- 
tidn as the Veflbls Cooled^ and befcaMe ftatk^hkiy 
a littie i^ove the mark I ha(^ ihade bi^foi^ %hb 
c^dle was lighted. From tMs \t w& e^di^fit^ 
that a fmall diminution in t)ie &alk ttf tlife air 
was eflFcfted, and being meafured very pre- 
cifeTy, it was fotind to knrtount &isbjy to i. of 
a cubic inch. But one grain of pholphorus 
abforbs, in coittbXiftioh, t^reJe cubic inches of 
air, as has been eflablilhed by feveral experi- 
ments.* The T^g. of a grain therefore Ihould 

• See Lavoiiier's EiTays, PKyfical ^nd Chfertiical, 
tranflated by Henry^ chapter ix. 

abforb 
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abibrb^half an inch/ wHkh reduces the real 
diniiiiiticioa of the mt^ caufed by the burning of 
the tahdlc^ to ^^ cf an inch. Thfe jar ctMi- 
tained feventy-tWo cubfe itildTes. On the fup* 
|)f6fitioni, therefore, tfeat the diminution of {. lof 
an inrch wai tvot to be attdbuoed to fome flight 
error with ttfpt^ to rite m^aAtts, ^ dimi- 
nution occafioned by the burning of a candle 
in MmmOn ^it wooid' not -ailnodmrt to'/sbbve 
lifi^y^ittdi nliay bb regarded as a merfe ntiHfty, 
e^vfaially.if it be Confiddrcd that a v^jtiffling 
change (In tlte teonperhtore of ^ i^omj is 

t»pabteiof f)rodudng tWa -differeiK^ 

• ■ I ■ 

■, ■ 7 r» ' • » •- ■ . . • ■ . . 

■'<>1'«'- ■• t' ■ ■■••i.^_>.i. 

WiM. the jat which 1 hitd Ufcd lA thifeiexperi- 
meiit Wm it^ loog and narr6v«^> Iiisiagioed 
that^the catatdle ihigbt inot JiaVfeffaurntfojor^ 
as It <^oMd ha^e doite^-if the v^et'lmdiiheiiii 
lefs^Q^^ dnd tbfe dtKuIatiba*«f ^r QMit.'i^^ 
The experiment was therefore repeated: ::}« a 
veiTel which was ihorter and not capable of 
contalimng above thil-ty xubic inches. 

• 
T-Hjs circumftance's, under which the experi- 

mient was conduded, were «xadly the iame as 

in the former one$ and when the vefflels were 

quite 
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• 

quite cold there was a diminution . of . the 
volume of air of j. an inch, which precifely 
correfponds with, the quantity which might be 
ftippofed to be abfbrbed by ^ of a grain of 
phofphorus, if burnt alone under a jar. The 
burning of the candle, therefore, had occaftoned 
no fenfible diminution in the bulk of air. • 

From thefe federal experiments it . may be 
.regarded, as certain, ift. that the burning of 
:^andtes does not fenfibly diminiih the^volupie 
of air in which they bum. adiy. That this 
combufl-ion has the property of converting into 
fixed air about ^ of the original quantity of 
air. '3dly. That if the air in which a camdle 
has burnt,' be brought into contadt with lime- 
-water- or cauftic alkali, in that cafe theabov^ 
diminution of ^^. is produced by thefe liquids 
iMbibing the fixed air which has been formed 
during the combuftion. 

The air in which candles have thus burnt, 
when deprived by water, or any other means, of 
the portion of fixed air, formed in it, is called 
by Dr. Prieftley and feveral others, the phlo- 
gifticated part of the air. They are of opinion, 

that 
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that there arifes from candles when burning, 
and from 'metals when qalcining, &c. a phlo- 
giftic emanation which combines with and 
facgraces the air. My fentiments of the cafe 
are different, and. I have already given fome 
proofs that the refiduum of atmo^heric air, after 
combuftion, &:c. is its mephjtic portion, which 
forms three fourths of its^ compofition, deprived 
in a grej^ter.orlefs ^gree ofJts pure^ relpirable 
part. And in fadt, ijf we reftore to the refiduum 
df the original. quantity of air this ^ of pure air 
which it has.loit,. we thereby reftore it to its 
former ftate^ J^ow if> as Dr. Prieftley fuppoles^ 
this air were phlo^ifticated, o^r contaminated by 
jfome principle ^hich rendered it uofalutary, it 
would not be fufficient to reftore to it the pofr 
tion of which it had been deprived^ but, in 
order to re-eftabliflx it in the ftate.of common 
air, it would be neceftary alfo.to.ieparate this 
contaminating Xubftance from it. Befides, as 
I am going to oppofe> by a train of experiments, 
Stalh's do£lxine of phlogifton,* the obje&ions 
which I ihall adduce on that occafion will 
militate equally againft the fuppofed phlogifti- 
cation of air. 

* See the preface* 

From 
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'rjt^itiH* ifty ftcdOTht, attnofphtrir air ranfids 
6f abodt-J-ofite bulk K>f pure rcfpimWe ain 
Tht tortibuftteii tjf candles converts only VV of 
it into fixed air; ibppofing, then, the volume 
of air to have bi^eft iCo before the combuftion, 
ihttt (hojM !rdfifi^n) after the operation, feventyr 
five p^rts df tnephitic, and fifteen of pwe air : 
awd we aceordtngly find that ihitWals will live; 
or phi^fphorus burn, m thi^ rdiduiim, «&er ^ 
dthdte has been ektinguif^d by it ; aiad even 
after this proof, there will ftiH tieniain five parts 
6f j&re uh^: 'l!^is feft i^rtittn i ittrited 

to rite mephitic part, that I toKW of no other 
ii^^ 6f Ikp^ititig it thM^%^he^>CQ«niBitflaiMi 
of ^^ph«^s;^^ie^ M^U appearinfafupcecd^ 
iiigeflay.-^ ' ^ "■''■■'^■-- • - 

^'^Tft^kis iieniiiiihi Abthing i;i» complete wine { 
htive to f^ oh the fubjed, 'exc^ aa aoeountioif 
Ae phehohieni- #hidh ai?|d»d ithe . barnh^ of 
e&nBles in very pure air. Dbcfc expcrimaati 
tTifi fuiim'fli tite with frefli weapons .agdinft the 
^atuhbus ^Mtrine of thephlogifliicxtioa of^in 
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Into a glafs jar, filled with yery pune air, 
obtained from calcined mercury, a candle was 

introduced. 
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iOtit>duGed« • irhis* j^r wsas^'f^^ jira bafin of 
cj*4ckfilvtr.i^^h€: candle bitPftt wth a vivi<J 
light, ati enkirgdd^flam^ and all tlie circum- 
ftdifws defcrib^ by Df. Pricftley. The heat, 
during the combu^on, was fo great* that a 
portion of air i^flbd by the rim of the jar, and 
efcaped, but the quantity was not very con- 
liderable. When the candle was extinguifhed 
and the veiiels cooled, I introduced fome caufiic 
fixed alkali, over the furface of the quickfilver 
in the jar. Immediately the fixed air was ab- 
ibrbed, and I found by'this trial that two thirds 
of the pure air had been converted into fixed air 
by the combufliQiu But, what was ftill more 
intereftii^, the jiemaining third, after the ab- 
(brption of the fixed air, was iliU abnoft pure : 
for having iransferrcd it into a fnialler jar, a 
caodk was again lighted in itV itafibrded an 
enlarged flame, and about one- h;alf of it was 
convcrtaed imo fixed air. The remainder, after 
the abforption by cauftic alkali, wai nearly of 

the fame goodnefs as common air. 

/ . • . 

• When, therefore, -a candle is made to burn 
in ajar containing one hundred parts of pure or 
dephlogifticated air, fixty-fix parts are changed 

. . into 
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into fixed air^ and of the thicty-four remaining 
parts, twentf^one. iand ^ are ftill pure air, 
capable ofibdog ch^ged into fixed air. Out 
of I GO. parts, only la^, or about |, remain 
of air capable of extinguiihing a candle without 
producing ^ny precipitation in .limer water, and 
this appe^s to have been a portion of mephitic 
air contained in the dephlogifticaced air. . Un- 
doubtedly this portion would ha\re been ftill 
imaller, if the air had been more pure. 

Now if, as is fuppofed by .the celebrated 
philofopher, Dr. Prieftley, combuftioa were pof- 
iefied of the property of phlogifticating air, the 
quantity of phlogifticated air, formed during 
the procefs, fhould be greater in proportion to 
the quantity of combuftible matter confumed. 
For the combuftion is almoft four times as much 
in dephlogifticated, as in an equal bulkof com- 
mon, air; and therefore four times as much 
phlogifticated air fliould be formed; whereas 
on the contrary we obtain nine times lefs. The 
difproportion, then, of what we really have, to 
that which we ought to e^peA, according to 
Dr. Prieftley's opinion, is as i to 36. 

Lastly, 
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LAStLV/ the itfiduum after the combiiftion 
of phofphorus, and eif^cially bf pjrrophorus/ in 
dephlogiilicated air, is ftill lefs than that after 
the burning of candles, and may be confidered 
as a mere nothing ; whereas, according to Dn 
Prieftley's theory, it ought to be more con- 
liderable. It cannot therefore be to the addition 
of phlogifton that the formation of the mephidc 
refiduum of atmofpheric air after combuftion is 
to be attributed, and it therefore muft have 
^xifted, as I have advanced, previous to the 
combuftion. 

The preceding experiments feem therefore 
to have proved the following fadte : 

ift. That the mephitic portion which form^ 
If of the compofition of atmofpheric air, con- 
tributies nothing to the phenomena of com-* 
buftion. 

adly. That the aftion of combuftion is con- 
fined to the portion of pure or dephlogifticated 
air, which forms the other ^ of atmofpheric 

air. 

3dly. That 
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c?iiidl% mid' th*i th.fi fitter 4- ?«?o»w «ffi«!^ 
» thfl mcphi^ie portion, w\thwft f^iiM^m 

lljtyiflg rfifl powfr le fepiirate tJoem, 

4thly. Tif AT phpfphprus |ia$ 9 great§f B9vw?r 
th»n can^lpp, ^^ it i; capable qf (ep^ftiing 4^ 
of thp p\ir? jiir C0Pt^ine4 in fttmpfphgnp air, 

jtWy. T^AT pyrpphprus afts y? t jnotp iofT 
cibly, and feems to convert almoft the ^}^e 
portion of pure^ into.fixed air. 

These coniil|qHenCie§ tt\\ghi be p^rripd fpuch 
further^ and it might be fliewn^ that fixed air^ 
which i? fpripedl duping fhe <;Qpt)l?M|J:ioii of 
cgndle^, is jipfhing bijt thp inflwunable ^ 
fep^r^t^4 from fhe c?ipdlc, Mnite4 wifl) a gre^fpr 
proportion of the pure part of the air in w|iich 
the combuftion is carried on> and a fmallerj 
thppgh cpr?64?rab|c^ ppltipn of the mattpr of 
fire which eptien info fhie comppfitigp pf bptfe 
kind? pf ajr. But the propfs which rp;ght \f^ 
adduced of thefe affertions are fuch as njy 
readers are not yet prepared to receive, and I 

muft 
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muft defer the elucidation of this theory, till, 
on one part, I have demonftrated the exiftence 
of the matter of fire in aeriform fluids, and have 
ihewn in a future eflay, that fixed air may be 
formed, by combining inflammable, with the 
bafis of dephlogifticated, air. 



■ « I ^ 
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On the combustion of KUNCKEUs 

PHOSPHORUS, AND ON THE NATURE OF 
THE ACID RESULTING FROM THE PROCESS. 

SECTION I. 

On the Combuftion ofPbofpboruSy and the Formation 
^ , of its Acid. 

I HAVE already related, in chap. IX. part II. 
of my Eflays Phyfical and Chemical, fome 
of the principal phenomena attending the corn- 
bullion of phofphorus, and the formation of its 
acid; but the intelligence I have acquired, 
fince the publication of that work, enabling me 
to give a more accurate account of the refults, 
and to be more certain in my explanations, I 
ihall refume the fubjeft in a fummary way, and 
ihall firft fpeak of the formation of the phof- 
phoric acid, before I proceed to the relation of 

the 
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therefults of ks combination with different 
n^ineral and vegetable fubftances* 

• r • • * 

• r . 

If Kunckel's phofphorus be lighted>'by means 
of a burning glafs^ under a jar inverted into a 
bafin of mercury, we obferve, ift. that only 
a given quantity of phofphorus can, be burnt in 
9 deteimined quantity of air, and thatthde 
proportions are about one grain of the fo^ner 
tg from fixteen to eighteen cubic inches of air. 

adly. That as foon as this quantity is bur;it, 
the phofphorus is extinguifhed, withqut any 
poflibiUty of kindling it again, except by bring- 
ing it into contact with frefh air, which has not 
hitherto been employed for combuftion. 

jdly. That frefh phofphorus, introduced 
uftdi^r ^t^iefanie ' receiver, does hot burn better 
Ifhin the former, 

• ':/'., :•■■■■• .■ .. . . • 

4tMy. TttAt during the combuftioh, a large 

quantity of white flowers or flakes are formed, 

which refemble very fine fnow, and attach 

themfelves every where to the ihfide of the 

refceiver. Thcfe conftitute the concrete phof- 

phoric acid. 

Da 5<^Wy. That 



36 ON T nE ^ C Mfe U S^JON 

5thly. 'That at' the h^intiingof'^t'cStti' 
bullion, the air in'tKe te^ttiV^r 5^ cbhflael^bly 
dilated, on account of the heat which is pro* 
duccd ; btit, in a Wy ffiOrt tihrie, its'feiilk W 
cofnes ib ttiuch dinrtiAithed, that, v^tn the 
vcffels are cooled, it'ocCupieis no mbre than 
'about 4* or i of the fpace it filled previous Ho 
the coiiibuttidn. If the ^flowers are cofleft^ 
and carefully weighed, before tihey cofrtie'*fti 
contaft with frefh'air, or have atttaftcd ^a% 
moifture from it, they will be found to be 
2 ^ times the weight of the "phofphorus ' em- 
ployed for their formatipn j or iri* other 
words, wirfi one grain of phqfphorus there will 
have been formed 2 4- grains of concrete pKof- 
phone acid. 

This very extraordinary ipcreafe of w.elgnt is 
pretty cxadUy proportioned to the quantity of 
air abforbed; for the abforption is adtually 
about three cubic inches of air for each grain 
of phofphorus that has been burnt; and .4s 
three cybic inches of air weigh about one; grain 
and half, this weighty added to one grain pf 
.phofphorus, gives a^.grains, the weight which 
the flowers have been obfcrved to pojQefs. , 

'^ The 
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The ^ir. thus reduced, as much as it can be^ 
by the combuflion of phofphorus, is fo far from 
being more denfe than atmofpheric air, that its 
fpecific gravity is even rather diminifhed than 
augmented. It is no longer capable of ferving 
for the refpiration of animals, of fupporting 
the combuftion or inflammation of bodies, andj 
in ihort, is abfolutely in a mephitic (late, and 
therefore to avoid confounding it with any 
other fpecies of air, I fhall diftinguifh it, in this 
memoir, by the name of atmofpheric gas : but 
if to this air, thus decompofed, and which no 
longer poflefles the principal charafberiftics of 
comnion air, be added a quantity of dephlo- 
gifticated or highly refpirable air, obtained 
from the calx of mercury or of lead, equal to 
the bulk of air which was abforbed during, the 
combuftion, it is again rendered capable of 
fupporting the refpiration of animals, the com- 
buftion of bodies, &c. and in a word re-aflumes 
all the properties it poflefled before the ope« 
ration. 

If after the above defcribed re-eftablilhment 
of the air, the phofphorus be kindled again, 
exadtly the fame effefts are obferved as in the 

D 3 former 
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former combuftion; and the air may be re- 
peatedly reduced to a mephitic ftace> and 
rellored to that of common air^ by the fame 
methods. 

It is however proper to obferve, that if we 
wifti to carry this experiment to fome length. 
It will be neceffary to . add, each time, a fome^ 
what larger proportion of dephlogifticated air, 
than has been abforbed in the preceding com- 
bullion; becaufc this air is never perfedly pure, 
but always contains a fmall portion of atmo- 
fpheric gas, fo that the quantity of the latter 
will be fomething increafed, though very in- 
confiderably^ during each combuftion ; and 
this increafe will be lefs perceptible in propor- 
tion to the purity of the highly refpirable air 
employed in the procefs ; nay, we may arrive 
at fuch precifion, in making the experiment, 
as to be able previoufly to determine the quan- 
tity of this pure air which will be required, 
according as its degree of purity has been afcer- 
tained by the teft of nitrous air. 

We know, from experiments, of which I have 
already given an account, that atmofpheric air 

contains 
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contains about ^ of dcphlogifticatcd or highly 
refpirable air. The abforption, however, which 
takes place, during the combuftion of the phof* 
phorus, never exceeds, and is generally lefs than, 
y, from whence it is evident, that the whole; 
of this pure air, contained in the atmofpheric 
air, is not feparated by the combuftion : fre« 
quently the remainder which is left mixed with 
the atmofpheric gas, is iVj and fometimes more; 
fo that this air, which has been drained' and 
rendered noxious by the above prdcefs, when 
it has been well wafhed, is capable of becoming 
again refpirable, of fupporting flame, &c. The 
following relation contains what has been done 
on this fubjeft. 



Though the mephitic portion of atmofpheric 
air does not eafily combine with water, yet 
this combination is, in fome degree, efFe'fted, if 
it be agitated for a confiderable length of time 
in a large quantity of. water.,,. The highly 
refpirable air is ftill lefs difpofed to unite with 
that fluid. If therefore we agitate in the above 
manner the air in which phofphorus has been 
burnt, and which is com{k>fed, as has been feen, 
of 1^ of highly refpir;ible air, and 1^ of atmor 

D 4 Ipheric 
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ipheric gas ; the highly refpurable air, which at 
firft formed only fV> wiU be found to amount 
to a larger portion, and thi& wiU increafe in 
proportion as Ae atmofpheric gas is abfbrbed 
by the water. The air then which has fcrved 
for the combuftion of phofphorus, being wafli^ 
and well agitated in a large quantity of water, 
muft pals through all the intermedis^e ftates 
from that to which it. was reduced by conl* 
bullion, to that of dephlogifticated air. But 
the change cannot be effe£ted> without a dimi^ 
nution of its volume, which is, for the moit 
part, made at the expence of the noxious partw 

The whole of this theory, relative to thti 
cohnbuftion of phofphorus, and the formation of 
Its ^cid, is equally applicable to the combuftion 
of fulphur, ^nd the fonHation of the vitriolic 
acid ; ^ikh this difference orfy^ that the com- 
buftion of fulphurj not being f6 eafily fupported, 
and this fubftanct extinguifhihg tnore readily 
than phcyfphbrus, it is more difikuk to deprive 
a given quantity erf" afr of its highly refpirable 
part, by the one than by the other; accordingly, 
as foon as VV or {. of the ^it is cbnfutiried, the 
fulphur ceafes tb bum ; whdtVas bodies lueh aii 

phofphorus. 
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phofplunnliSj wbick are more condbofiiblcx and 
more fofcepoiblr of being kept in a ftate of 
igmtxoiiy will born in it longer. By this diffi- 
ouhy i ixare been prevented fromobtmning focb 
esiafi: refults firom the oondouftion of fulphur 
as. from that of pho^horus^ and I have there*^ 
fore omittedy at prcfenc, to give the detailed 
them. But thus far I can aflert, that if fulphur 
be burned in a glais jar, inverted into mercUry^ 
the diminution in the volume of air will be 
proportionable to the confumption of fulphur^ 
and that a very concentrated vitriolk acid will 
be produced> which will be two or tluree times 
the weight of the fulphur employed to form it. 
This is a fubjedi: which I fhall in future refumev* 
and fhall beftow upon it all poffible accuracy. 

I FLATTER myfclf that I am (ufficiendy au- 
thorifed by the event of the preceding experi- 
ments, both on pholphorus and fulphur, to de* 
clare, ill. that atmofpheric air is compofed of 
about 7 of highly refpirable or dephlogifticated 
air» and ^ of mephitic, noxious air. 2dly. That 
phofphorus, during its combuftion, a£b only on 
the highly refpiraUe part, leaving the mephitic, 
which may be confidered as a mere paflive me-* 

dium, 



42 ON THE COMBUSTION 

dium^ unaltered, jdly'. That che pholphoric 
and vicriolic acids are/ Gom{k>red, of above one 
half of their weighty : of highly refpirable iair* 
I'fhall hereafber > fhew faow thefe two acids may 
be decompofed> and in what manner we may 
recover^ by means of connbinadons> this pure air 
%rhich forms^ one of their component parts. - 

' . ■ . • * ■ 

The phoiphoric acid> which is obtained by 
the above procefs/ diflblves almoft immediately 
on coming into contaft with the air ; and, by 
thus running ad deliquium^ becomes a highly 
concentrated, heavy acid, poffeffing no more 
frnell than concentrated vitriolic acid, refem- 
bling it in its oily appearance, and in every 
other point. 

This is the acid which has been employed 
in all the experiments to be related in this 
memoir.; butl have obtained it by a method 
fomewhat more expeditious and convenient, 
which confifts in burning the phofphorus under 
lai^e glafs jars, on the infide of which a little 
diftilled water has been thrown. As foon as 
the vapours formed by the firft combuftion are 
difperfed, 9, frefh quantity of phofphorus is to 

be 
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be introduced and burnt in the fame manner^ 
luid thus the procefs is to be carried on for 
feveral days^ till a fufficient quantity of acid be 
. obtained. It may be fupppfed that the acid 
procured by this means will be'lefs concen^ 
trated than the former^ as being diluted with 
water s but it is in other refpeds exadly of the 
fame nature^ and may be ufed in every experi- 
ment^ where a highly concentrated acid is not 
requifite. 

Having fhewn in what manner this acid is 
produced, it remains to purfue it through the 
different unions which it is capable ;of con- 
tracting. To avoid confufion, and to facilitate 
the making of references to the experiments 
contained in the following part of this memoir, 
I fhall divide it into different articles. 



ARTICLE I. 
Pbojpboric Salt with a Calcareous Bqfis. 

ON adding phofphoric acid, drop by drop, 
to lime-water, the water became turbid, and a 
white precipitate fublided, which at firft fighc 

appeared 
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appeaned ta l^ fimilai: to tha^t projdu^cd by 
throwing fixed ^r into it & btJt on mos^ clofe 
eaiamination^ the fedioient was found tQ b« of a 
cryftaUine foirm^ a true neutFal fait, not e|S?i:- 
vdcing with' acidj^ di0ibjiving entirely in water, 
but requiring a nauch larger pprtion to keep it 
difiolved, than h requifite fo^r felenite, or evea 
lisne. The water on evapc^^tion afforded more 
of thefe cryftais, the figiire of wh^c^ w^$ not 
eafy to be defcribed. 

A SIMILAR fait was obtained by addipg the 
acid to quicklime and to chalk. The mi|:turf 
with the latter was attended with efiervefcenct > 
and in both cafes due fait fell to the bottpm qf 
the reWA as &ft as it was formed, owing to its 
difficult folubility. 

■ 

This fait poITefled feveral remarkable fingu- 
larities : firft, in whatever manner it was made, 
it always retained an excefs of acid. So far 
from bi^^g a^l^ to give it a ibpe/ abuodancy of 
calcareous earth, the attempt was vain to render 
i% exa^bly iieu:ral; wd, by wa&ing, the &lt, 
iwidi its fuperahundant add, ,is di^ved ia the 
w^r, whereas the excefs of c^lcarepus ea,r(h 
remains unchanged on the filter. 

It 
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it dtffot^ed fti6tt readity m'¥^tttr ioi^hidk 
fetrie phdfphbric ada hid beiii-^adta, than in 
fitnple prater J but, on ' cvapoAtion, it did nbt 
retain ' this addition^ acid, whidh \^ dnlhiA 
from it by mians bf brown 'paper, br "wafhtifl 
away by waten 

Its affinity to calcareous earths was weaker 
than ^ to alkaline Adts, ; on the addition bf which 
the fame appearances enfued, as when they are 
added to foltitions of calcareous fdcs, formed 
•with the other acids. 



o < 






' On adding^^drbp by tirop, ^^^Mi^ 6fQlifA 
in tiftrous acid ' to a fblutidil' bf this phof{^oric 
i(sik,'aigreyiih Taliiie^precipitate was* immediately 
formied, Which gradually becaine red, approach- 
ing the • colour of leys of wine ; but if added to 
^fotution of quickfilver in the >£lme acid, the 
precipitate was white arid powdery. 

^Neither this fait, nor the; phofphoric acid, 
communicates any {particular cbl6ur to the flame 
of fpirit of wine : whereas phdfphonis itfelf 
gives fpirit of wine a light green colour. But 
it' is reiifmrkdble that the phbif^horus does hot 

take 
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take fire^ as long as it is covered by the ipirit 
of wine> and. thereby defended from contad: with 
the ^ir, but immediately inflames as (bon as 
fo mi^uch of, the, ipirit is evaporated^ as to leave 
any part, of the phofphorus uncovered. 



ARTICLE , IL 

* * . ■ • 

Tboff baric Sah with Bafis of Magnefia 4lha. \ . 

J: ON throwing, gradually, .forne magnefia 
alba into weak phofphoric acid> it wa$ diflblyed 
with effervefcence \ but as the fait which was 
fortfied> poflefTed but a fmaU, degree of folu- 
bility, it precipitated, as faft as it wasforaoied, 
to the bottom, of the. veiTeL On adding dif- 
tilled water, the precipitate was diflblved i 
and the folution being left toftand, all night, 
in a cold place, a great 'nmiiber of very.firiaU 
regular cryftals of a flattilh needle-Uke form, 
were found in the morning: they were many 
lines in length,; cut oflT obliquely at each end, 
and refemWcd'very exactly, in figure, the 
cryftals which are obtained by ,a;;very flow afnd 
inienfible evaporation of a folution of that kind 
pf gypfum. called lapis fpecularis: but on at- 
tempting 



,t^mp<5ing to feparate and ^ dry thcni ifl a .ftpve, 
ilhey fell, incq powdjBr. r |^or was Jj^Wft^^by fub- 
/cqucnt.t[vapor4tiQnj5>ito procure fuqh r^gnlar 
^ryftaU as thefe which^.^ere obtainqdtripontar 
neoufly with a Urge portion of,w4K6c This 
fait was immediately deconlpofed : Ijy: yitripHc 
acid, which, uniting; with the magnefia,;forined 
the bitter purging fidt„ commonly called Epfom 
felt., ^ ; .;" - \^: .-::". ..1 ■•' -..":''■ 

• . . ■ . .•...,. ■ . 

.. ...ARTICLE III. • 
■•■--'Phojphorit Salt with Bafts of Fixed 'Alkali. 

• . . . : < ' ■ • I ■I I 

.... . » J ■ . • • •_ ■* 

MINERAL fixed lalk^i was diffdvcd with 
efFcfyefcence in dilute phofphoric acid. The 
iblution was noj: Mtt^r, r but rather agreeable to 
the tafte, fomethi^g. like' that:of a folujaoo of 
fea fait. The fait obtained by this union had 
not the leafl} exoefsiof'^cidi as is jthcfcafe with 
atmoft all the other pholphoric:&lfcs.'; > It re- 
fufed to . form into ci:yftals, whaKver degree of 
evaporation was uEpd, . and whether the folution 
were made fuperabu(idaotly acid prrajkaline* 
The refult was, . al^v^i^ysi a tenacious: gunounly 
refiduum, wl^ich, roped like thick turpcntme, 
attradcd moifture from the air, and deliquefced 
in it.. 



rTt! 
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The vegetable fixed aSkalt dJIS>hF€4j^ in 
die pho^ihoric actd^ with ^fkrvf^ent^: When 
the .co|:ribinati(>n was fottaed> it wtis fet' lo 

were obtdiwed of a columnar fhape> p^tf^SSf 
fquare, , termimtcd ^ a pyramid^ hatinfg a}4 
lour fides^ «:iGdinmo!^ equal to each bther^ ^ni 
^sorrefpondingexadHy to the four fides tittht 
cryftalline column. Hot water diflblved neaiiy 
double the quantity of this fait that was capable 
of folution in cold water: The fait had a fmall 
degree .of '.acidity. Thrown on buming;^oals 
it puffed up^ but melted with difficulty; but 
as fotavks rit flowed^ it loft all m iafihe^e. 
I have hot yet puifoed the inveftigation vof thi^ 
extraordinary ctreumftance, which affords a key 
to Ibme interefting phenomena. 






This ialt ^ves a veiy 'flight ted tinge to tii!e 
flame of Spirit of wine j whereas that with the 
mineral alkaii affords no fuch appearance. 
They both precipitate filver from nitrous acid 
in fomv of a white powder^ which is diflinguifh- 
able from the precipitate produced by marnfe 
falts in being very Nmuch divided^ and not cdl- 
le&ed in flakes or curds. They alfb feparate 

mercury 
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rficfcury from that acid in form rf a yellowifh 
white, and lead in that of a white precipitate, 
the latter being rather faline. 

i..i'i- ■ ■ ■ ■ • ■ 
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Pbqfpboric Afhmoniacal Salt. . 

jriTH E c<5ri<^ete volatile alkali efFervtfces with 
phdfphoric acid/'Md fornns witH it a neutral 
ai4fU¥voni^(^al falty more foluble in* hot than in 
cold water, the cryftals of which havc'fome* 
fimilitude to alum ; but as they are very com- 
plicated,' it '^ouW' hot' b^'eafy to defcribc them 
without figures. ' 
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DILUTE phofphoric acid has no aftion on 
mercury in the cold. Globules' of. mercury 
have been kept feveral months in.it without 
the lead appearance of folution: perhaps if it 
had been very concentrated and ftrongly heated. 
Its aftion might have been ftronger; but.I have 
not bad an opportunity of making the trial. 

E POVRED 
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Poured on a folutipn of {x]v^f i^ .aicrQi^ ^did| 
it produced no precipitate* . j ^, 

■ .. .. «•.,■.• 
When cold^ it had little eflfeft on iron, but 
when hot, a brifk efFcrvefccnce enfued. A taper 
being plunged into the vzciht part of the jar 
in which the combination had been efFeded, 
Continued to burn as in conimon ^ir, but with 
a lightifh green: flam^. Tji§: iokitipg ^^!)edng 
evaporated,, yielded no,; regular :cfyftpjfo£;b^ 
falin^mafs, of ,a gr4:e;;i colour^ an^fVi^ryifc^lubJiis: 
in water*. /•• --•* > .f,w Wico 
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M. Sage has afferte^j in ,ni^y,,9f jihi^!fjS«ecli|, 
that the phlogifticated alkali, whji(;Ii:is^uj[g^.f(>F. 
the preparation of Prufllan blue, is only an alkali 
faturated with phoiphoric acid, and has given 
his theory an air of probability which may tend 
to miflead. .^i|.tl]i<? ^ipferticwi weiSe.true, t|be 
phofphoric falts with alkaline bafes fhould form 
Pruffianblue when comibined with martial vi* 
tripL!P---flut the contrary is the cafe. The pre- f 
cipitatevi^ whitifh, idifiblves, thoughrWith difB«''« 
culty, in acids^ and leaves only a fmall infoluble 
pQrtion> which has only a bluei(h tinge^ fcarcely * 
perceptible. 

'" -V ■ • • " ' , Such 
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Such are the experiments \frhich the provifion 
of phofphoric acid I had made, has enabled me 
to make. I wifhed to have gone further, and 
to have repeated the whole of them ; but cir- 
cumftances having led me to another kind of 
experiments, and the difficulty of procuring, for 
a long time, a fufficient quantity of pure acid, 
having deterred me. » from., waiting, ,i have dc^ 



may be oF fome ufd^ to ifhcmiftry, either by 
eftabliihing new fafts, or by deftroying falfe 
theories. I can anfwer for the accuracy of n^y 
ex|>erimenfcs* i 
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IN the firfl: volume of my Phyfical. and Che^ 
mical EfTays, it was fhewn, that when 
Kunckel's phofphorus was burnt under a glafs 
jar inverted into water, about ^ of the air con- 
tained under the jar was abforbed ; and that 
this diminution of air was proportioned to the 
increafe of weight in the phofphoric acid re* 
fulting from the combuftion.^ I therefore 
concluded that this acid was, in part, compofed 
of air, or, at leaft, of an elaftic fubftance con- 
tained in the ain As exadly the fame phe- 

'* Set alfo the third Efiay in this coUeaion. 

nomena 
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nomena take place in the combuftibn of ful- 
phur/and the formation of the • vitriolic acid, 
I had equal reafon to conclude that air alio 
enters into the compofition of the latter. 

These firfl: fteps led me to reflcdl on the 
nature of the acids in general, and on examining 
the circumftances of their formation, and de- 
ftruftion, I thought that I began to difcover 
that they were all compofed, in great meafure, 
of air; that this fubftance was common to 
therxi all, and that they were varied from each 
other by the addition of different principles 
peculiar to each acid. 

What was at firft only probable conjedure, 
was converted to fufficient certainty when ex- 
periment was applied to theory ; and I am at 
prefent enabled to declare pofitivcly, not only 
that air, but the mod pure part of the air, enters 
into the compofition of all the acids without 
exception; and that on this fubftance their 
acidity depends, in fo much that we may, at 
pleafure, deprive them of that quality or reftorc 
it to them again, according as we take away, 
or give to them, the portion of air efTential to 

their compofition. 

£ 3 Befo&e 
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Before I proc?(KiJurt^e5 ^ ^t 

feccns neoeflary t^ infQ.rm the pulplic, ij^at qih:^ 
part of the ex|>entnents contained iq (his rne- 

moir are. not properly., i^ne ; ptxif^ph ^ri^lx* 
Ipeaking, there is not one of which Dr. Prieftley 
may not claim the original idea. But as fioiilar 
fafts have led us to fooiey^hat diflf^renjc cpn- 
fequencesj I truft, that if I fhould b(B[, accyf^d^ 
of haying borrowed nny exper.itncnft from thq. 
works of that celebratisd philofopher^ V4^f4^» 
at leaft. be allowed the merit of the conclufions. 

It is a generally known, fad that elaftic «»- 
pours are feparated from almoft all folutioos^of 
metals in acids^ which form fpecies of air, the 
properties of which vary according to the 
nature of .the acids, by the aififtance of which; 
we are enabled to form then). 

Th£$e di£^ent kinds of air by no. pneans, 
proceed frptn. the metal, as I fhall have fr^qiuent. 
occafions to flxew $ they are to be attributed to 
the d^ompofition of the. acid ^ itielf s. and I 
imagined that froni henc^ we might be /uppjied.: 
with a fimple method of analyfing the acid^. 
It fecmed^ probablci for inifeujc?,- thgt by ,dif- 

foiving 
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fblving merciiry in Aifrbus acid^ coUeAing the 
different elaftic principles which efcape froni 
this combination, and attentively oblerving the 
phenomena which appear from the firft inftant 
of the folution, to the point, when the mercury^ 
after having fucceffively pafled through the 
ftate of mercurial fait and red precipitate, re- 
appears finally in its metallic form, T fiioiild 
infallibly acquire information concerning the 
nature of the principles which enter into the 
compofition of nitrous acid. 

The experiments which I am going to relate 
might have fiicceeded equally with any other 
metal j but I gave the preference to mercury, 
becaufe this metal pofTclTes the property of 
being reduced without addition; and I there- 
fore concluded that I fhogld meet with leis 
complidition in the courfe of my experiments,' 
and fhould be led, in a more (imple manner,, to 
the conclufions at which I wilhed to arrive. 

I THEREFORE took z fmaH matras, with a long 
narrow neck, which I bent in the flame of a lamp, 
fo that the extremity might pafs under a glais 
jar, filled with water, and plunged into a veiTel 

E 4 containing 
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containing the fame fluid. Into this nx^tras 
I introduced two ounces of nitrous acid, which 
fmoked moderately, the fpccific gravity of 
which was to that of diftilled water in the pro- 
portion of 13 1607 to 1 00000 s and. I added 
iwo ounces one drachm of niercury, heating 
the mixture gently in order to accelerate the 
folution* 



As the acid was ftrongly concentrated^ the ef- 
fervefcence was brifk and the feparation of air 
very rapid. I received the difengaged air in dif- 
ferent jars, that Inflight examine the varieties 
which might poflibly occur between the. par- 
cels feparated at the beginning, and thoie at the 
end of the efFervefcence. When the effcrvef- 
cence was finilhcd, and the whole of the mercury- 
diflblved, I continued to make the folution hot 
in the fame veflcl. In a fhort time the eflTervcf- 
cence was fucceeded by an ebullition, during 
which, the produdion of air continued almofl: 
as great as at firft. The procefs was carried 
on, till, the whole of the fluid having been 
converted into air or watery vapours, I had 
nothing left in the matras but a white mercurial 
fait, of a pafty form, rather dry than mold:, and 

beginning 
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beginning to turn yellow on the.furface. The' 
quantity of air, which bad beenr already ob- 
tained^ amounted to about 162 cubic iiichie'9.3 
All this air was of the fame nature, and in no re^; 
fptdi differing from that to, which Dr. PriefUeyi 
has given the nanr>^ of nitrous air* • [ . 



i « . ~ . ■.. - .-"J. 



The operatipn . being coQtinueds I percei yed; 
red vapoUES tQ. arife from tht^ mercurial' falt>* 
fimilar to thofe of., the, nitrous. ^cid; but this 
circumftance wajs not of long duration, and 
prefently the air> contained in the uppe;r part of 
thcmatras,* recovered its tranfparency. Having 
fet apart the air^ amountiog to ten or twelve, 
inches, which had paifed during (he. coqtinuancef 
of the Ted vapours, it was' found to be very ^ 
different from that which had been hithertO;. 
collefted, and not to differ from ^common air, 
except that candles burnt fomething better in it. 
At the fame; time the mercurial faU was tcfiangi^d 
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• These vapours o\ye their origin, to a portion? of 
nitrous. alr> and of iughly pjire air, which are dif* 
engaged at the fame time from the mercurial fait, and 
combining together, form nitrous acid. This explana- 
tion will not be well underftooi till the whole of this 
Efiay has been read. ' *' 

into 



5« ON t^HE" iiiil 

iMo a beaUti^l red ^recipk&t^, aind cMtinuing 
to urge it "mttii ttiodctat^ digrcc of lire, 1 ob^ 
mnedy ki tht IpiE^e of ftVtn hbuts, 234 cubit 
iisebes of air/ iftitich ptirer than common iit; 
in Whic'h gahdtei^ biMed ^ith a Very enlarged 
flame^ and which, bf all its ch^araders^ con- 
vinced me that it was the fame I had extrafted 
fknn the tsh^ of mercuty, commonly called 
mercury^ pttisipitafcd: per fe, and which Dr. 
Priefi:ley< has^ obt^n^ frdih a great variety of 
ibbftance^;- by mixing them with fpirit of nitre, 
fit |)mportidn as this air was^ difengagf^, the 
mercury was reduced, and I recovered, within* 
^few grains, the two ounces one drachm which 
Inut been employed in the folution. This 
trifling loft proceeded from & ihiaH portion df 
2f yellow and red fublimate which adhered- td- 
the dome of tire retort. 



i - 



THEf nmerctiry having been recovcffed from 
this experiment, in its former ftate, without 
change- either in its quality or weight, it is 
evident that the 426 cubic inches of air, which 
had been obtained, could not have been pro- 
duced but by the decompofition of the nitrous 
acid. I had therefore reafon to conclude that 

two 
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two ounces, of nitrous acid are compofed, ift, 
of 1,90 inches of nitrous air; 2dly. of 12 inches 
of common air; jdljr. of 224 inches of air 
better thaa common air; 4thl7. of phlegm. 
But, as it has been proved, bys Dn Pricftlcy's 
experiments, that the fmall portion of 'common 
air I had obtained could be nothing but air 
better than common air, the ftrperior- quality 
of which had been altered by a mixture of 
nitrous air, in the tranfition from one to the 
other, Imay re-eftabHlh the quantity of thefe 
two airs, as previous to their mixture, and 
fuppofe that the 12 inches of common air, 
which I obtained, proceeded from a mixture of 
24 inches of nitrous air, and a like quantity of 
air fuperiolr to that of the atmofphere. 

* _ '1 

In thus re-eftabli(hing the quantities^ we fhalV^' 
have, as the produ<5ti of two ounces of nicroMi^ 
acid, ' - ' ' 

Of nitrqus air - , 1 9$:. 
V>ery pure air. - 246. 

Total 441, 

r 

And for the produfl: of one pounf) of the fj|me 

acid, 

' Nitrous 
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... Inches. 

Nitrous air ^ 1568. 

Very pure air - 1968, 



.n 



Total 353^- 
If it were poilible to know the abfoluCe 
weight, as wdl as the bulk, of thefe quantities 
of air, it would be eafy to determine the weight 
of phlegm^ and we fliould then ppjOfefs a com« 
pl^te analyfis of the nitrous acid. : The experi- 
ments of Dr. Prieftley to this purpofe are far 
from being fatisfaiftory, and I cpnfds that;! have 
not been able to arrive at any certain con* 
cluiions. I fhall, however, fuppoie here, as I 
have every reafpn to prefume, that tfie pure air, . 
obtained from mercury, is' fomething heavier 
than* common air, and that it weighs -^ of a , 
grain to the cubic inch. I fhall al(b fuppofe, 
that nitrous air is ibmething lighter than .^tmo- 
fpherit:air,^ and that its weight is ^ of a grain 
to the cubic inch ; on this fuppofition we fhall 
find that a pound of nitrous acid, fuch as that 

employed, will be compofed as follows, viz. 

O2. 3, Grs. 
Nitrous air - i 51^. 

Very pure air - i 7 24. 

Phlegm, or Water 13 18. 

Total fcj. 

Here, 
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Here, then,- mt arc pvelented "with ^^nietkdd 
of decpmpoling the nitrous acid^ aiid demoii^ 
ftrating the exiftence of iair, or rather of 'more 
pure and perfeft air, than that of the ^tmo- 
iphere i but a complete : proof of . this faA - m^s 
obtained, when, after having decdrnpofed the 
nitrous . acid, I .was able to recomp6feMC by 
again ocnnbining the fannte materials. "^This is 
a power /which I have, adually attained i but 
previous to the relation of that experiment, it 
will be ncccffary to give I fome account- of the 
nature of nitrous air. ".'■'' 

• - ' : ..t . • ., I •' ^' ■ ■ 'J . . .. ** v*^ »-■ - « • 

.J ■■' ■■•... » » . 

Thosb who have not read the experiments 
relatcsd in Dr. Erieftley^s firft volume .on idiffeit-^ 
ent kindi5.,Qf air, and . efpccij^ly rfiofe of Mr. 
William Bewlef, which ^re infented at cbcend 
of that volume, may perjiaps imagine, nitroua 
air to be merply nitrpus^ ^cid iarthc fotm of 
vapour. It will be fufllqi^t,, in ocdec toiDver-* 
throw this opinion, to make it appear that it is 
even doubtful whether- nitrous air be.inaftateof 
acidity, and this the refult of the fojlowyig ex- 
periments tends to prove. . - - 



* i 



ift. Nitrous Air is. capable of -paffing. 
through very confid'erable quantities of water, 

and 
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ittting'iit #ich aBc^^^ond evirating the ^t6r, 
a tnie nifrtiWto obtaitted. ' ■ , .: uj. ;::• 

-WtTH'^a of obtainiflg the acid iii a 
fiilore^cdiK^totrated ftiite, I endieaTOured to (bb- 
^tueeiW«turyiii^tKepfate«l^i^ fotixi^ 

ing the Ikme'm^l^tiil'e in^i ttjbe!«lled^wicbr and 
Inverted infco>^ merctiryi ' takWg^ iii^^ to'imt 
afimlliftKatum^of^ watel- bv6r^ Ad-ftrflcc bP <fic 
mccal. i XHe pc^etmion -of -tUt' two • surs? -Vii' 
nearly asi.rapidiinthis a^'in die pred^^'VH^' 
|)erkhent$ siihc vapours of mtnouk'Scid wei^^od^ 
dc&ifed bjr iiie finall. portion of waief icodttifidf 
^ thejtube^ aod by proportibnii% properly Cfitt* 
quantity of,. irW(Ml>; Lawasucapabte' of fanning' 
richer si-^TOy^feipking fpifit of nfcre, as ft#oh^' 
a^.cao pofTibiy/ibctiXXkade^'ov. one C)iiar\Wais ilihofiP 
Vi^^ and :fimllai^>(ta! thdt bri^ndUy ennploy^i 
in the operation-' • (This expei-ifinlcfntJ fhotiid >b«' 
made with aUipoflible expedition^ betiaufe^th^-' 
fmoking fpiric of nitre, which » formed aAd' 
comes into concadl'witb the mercury, ads upon 
the metal, diflblves it, and again forms frefli 
nitrons air. 'This lad circumftance fumifhe^tin 
additbnal proof df the rW6rftJ>(>t5tion of the ' 
nitrcMis acid.'- ; ^^ " ^ 

It 
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It may perhaps appear furprifing, that feven 
pares and f of nitrous air, and only four parts of 
very pure air, are neceffary to compofe the 
nitrous acids whereas in the decompofition of it, 
a fomewhat larger quantity of pure than of 
nitrous air was obtained. I am uninformed of 
the caufe of this circumftance, but the fa£t is 
certain, that the above proportions of nitrous 
and pure air exaftly faturate each other: and 
confequcntly that by employing the very ma- 
terials^ which h^ve been afforded by the nitrous 
acid in its decompoiition^ it is impoflible to 
form again the quantity of acid which exifted 
before the folution, and that a defeft appears 
of nearly one half of the pure air. 

Having fhewn that the principles of the 
nitrous acid are capable of difunion and re- 
combination, it remains for me to demonftrate 
that we may produce the fa'me effeft with ma- 
terials which are not all derived from the nitrous 
acid. Inftead of very pure air, procured from 
the red precipitate of mercury, atmolpheric air 
may be employed. But a greater proportion 
of it will be neceflary, and inftead of foui^ 
nearly fixteen parts will be wanting to faturate 
feven parts and ^ of nitrous air. The whole 

F of 
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of this lad is deftroyed or condenfed in this, 
as in the preceding experiment; but that is 
not the cafe with the common air, of which 
not above 4- or ^ is abforbed, and the remaining 
part is no longer in a ftate fit for the fupport 
of flame, or the refpiration of animals. , It 
fliould appear to be proved, therefore, that the 
air which we breathe contains only ^ of real air; 
and that this true air is mixed, in our atmo- 
fphere, with ^ of noxious mephitic air, which 
would be fatal to moft animals, were its quan- 
tity a little more confiderable. The deleterious 
eflfefts of the vapour of charcoal, and of feveral 
other exhalations, are further proofs how nearly 
this fluid approaches the boundaries beyond 
which it would become mortal to animals. I 
hope foon to be able to difcufs this idea, and 
to give ocular demonftration to the academy 
of the experiments on which it is founded. 
« 

From the experiments, contained \n this 
memoir, it appears, that when mercury is dif- 
folved in nitrous acid, the metal attracts the 
portion of air contained in the acid which con- 
ftitutes its acidity : on one part the metal, 
combined with the air, isreduced to a calx; 
and, on the other, the acid, deprived of its air, 

is 
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is expanded and forms nitrous air. That thefe 
things really happen^ during the operation^ is 
proved by the mixture of the two airs, which 
originally entered into the cbmpofition of the 
nitrous acid> again forming pure nitrous acid 
fimilar to what it was previous to the feparation 
of its principles. 

Nitrous acid then confiils of nitrous air 
combined with 4t of its bulk of the purefl part 
of common air, and a confiderable portion' of 
water. It will, doubtlefs, be aflced, whether 
the phlogifton of the metal may not contribute 
fomething in the operation ? Without pre- 
fuming to decide on a queftion of fuch great 
confequence, I (hall only anfwer, that as the 
mercury is left, after the procefs, precifely the 
fame as before, it does not appear that it has 
either loft or recovered its phlogifton j except 
it can be fuppofed that the phlogifton neceflary 
to the reduftion of the metal had pafled through 
the veffels : but this is to admit of a fpecies 
of phlogifton different from that of Stalh and 
his difciples, and to return to the principle of 
fire J to fire combined in bodies ; a fyftem of 
greater antiquity than that of Stalh, and very 
different from it. 

F 2 I SHALL 
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I SHALL conclude this memoir^ as I began it^ 
by acknowledging my obligations to Dr. Prieft- 
ley for the grcateft part of what interefting 
matter it may contain. But the love of truth, 
and the promotion of fcience, to which all our 
efforts ought to be direded, oblige me at the 
fame time to take notice of one error into 
which he has fallen, and to which it might be 
dangerous to accord. This juftly celebrated 
philofopher having obferved that, by combining 
nitrous acid with any kind of earth, he con- 
ftantly obtained common air, or air of even a 
purer nature than common air, believed that it 
might therefore be concluded that atmofpheric 
air is compounded of nitrous acid and earth. 
This theory will be fufficiently confuted by the 
experiments contained in this memoir. It is 
evident that it is not the air that is compofed 
of nitrous acid, as the Dodor has imagined i 
but, on the contrary, the nitrous acid which is 
compofed of air ; and this remark alone fupplies 
a key to a great number of experiments con* 
tained in Dr. Prieflley's fecond, third, fourth, 
and fifth volumes on air. 
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On TH5 SOLUTION OF MERCURY in 
VITRIOLIC ACID. 



HAVING Ihewn in former eflays that 
nitrous acid is the refult of a combination 
of a certain proportion of dephlogifticatedj with 
nitrous, air; that fulphur and phofphorus are 
incapable of acquiring acidity but in propor- 
tion as they are combined with a very confider- 
able portion of dephlogifticated air ^ and having 
declared that it is poffible to difcover, in 
the vitriolic acid, by chemical experiments, the 
dephlogifticated air which entered into its com- 
pofition in the combuftion of the fulphur: 
I Ihall proceed in the prefcnt eflay to prove, by 
means of analyfis> what I have hitherto only 
accomplilhed by means of compofition. 

F 3 Fou^ 
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Four ounces of mercury, and fix ounces 
of vitriolic acid, were put into a fmall glals 
retort, ^nd gradually heated by an open fire 
in a reverberatory furnace. The extremity of 
the retort, the neck of which was very long, 
was immerfed in a bafin of mercury, and (he 
air, in proportion as it arofe, was received into 
tall narrow jars filled with, and inverted into, 
mercury. The folution was efFefted with con- 
fiderable efFervefcence, during which, a very 
confiderable quantity of volatile ivitriolic air 
was feparated, which, as long as it is confined 
in mercury, and does not come into cdntaA 
with water, prcferves its elafticity, and is in- 
capable of either rarefaftion or condenfation^ 
except by various degrees of compreffion or 
heat. 

This air, when expofed to wateri is but 
flowly abforbed, and the combination is at- 
tended with fenfible heat. The water which 
has been thus impregnated is clear and limpid, 
and forms what we call volatile, fulphureous, 
or vitriolic, acid. But the quantity of this air, 
abforbable by water, varies confiderably, ac- 
cording to the different temperature, and is 
grcateft when the water is coldcft , whereas, on 

the 
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the contrary, when the water is nearly boiling, 
it is incapable of abforbing a particle of it. I 
could not poflibly determine with accuracy how 
much. of this air would be neceflary to faturate 
a given quantity of water in different degrees 
of temperature. But thus far is certain, that 
the water is capable of abforbing a greater 
portion of this, than of fixed, air, but much lefs 
than of marine acid air. 

If it be defired to colled the whole of this 
vitriolic air, it will be only neceflary to adapts 
to the retort, a tubulated receiver, fimilar to 
that defcribed by Mr. Woulfe and improved by 
Mr. Bucquet; by which means we catch in the 
receiver, • the fulphureous acid, in the higheft 
(late of concentration, and that, which cannot 
be condenfed, is found united to the water in 
the bottles connefted with the receiver. 

The firft portions of volatile vitriolic air 
are very pure, but, as the procefs advances, it 
becomes mixed with common air, and even with 
fome portions of dephlogifticated air. Thefe 
may be feparated by placing the whole in con- 
taA with cauftic alkali, for the vitriolic air will 

F4 be 
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he inftantly abibrbed, and the common or the 
dephlogifticated air left behind. 

If when the mercury is almoft reduced to 
drynefs, the fire be urged rather more brifldy, 
a finall 'portion of volatile vitriolic air ftill con- 
tinues to pafs; but the quantity of dephlo- 
gifticated air which comes over, at the fame 
time increafes continually; and when the re- 
fiduum is quite dry, it is ncceffary to change 
the apparatus, becaufe the fire ncceflary to the 
fuccefs- of the operation would melt the retort 
if it were not placed in fand. 

An aperture wiis therefore made in a Paris 
crucible, which might admit the riec*k of the 
retort to pafs through it. The crucible was 
ufed as a fand bath, in which the retort was 
placed, having its upper part thinly coated with 
moid refraftory clay, to prevent the glafs being 
afFefted by the cold air, as it ought to be 
equally heated in every part, and alfo that the 
retort might be lefs expofed to be broken. 

Into an apparatus, fuch as is now defcribed, 
I put two ounces of mercurial vitriol, dry and 

deprived 
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deprived of the greater part of its water of 
cryftallization, and the produft of the preceding 
operation. A briflc fire was applied. The pro- 
cefs continued above an hour and half, and 
during the whole courfe of it, there were col- 
lefted, I ft. a fmall portion of volatile vitriolic 
air, which was abforbed in the water of the tub' 
into which the neck of the retort was immerfed : 
adly. eighty inches of dephlogifticated air, which 
was of fuch a degree of purity, that four parts 
of it required for its faturation feven parts or 
meafures of nitrous air, and the whole eleven 
meafures were reduced to i ^. So that the de- 
phlogifticated air obtained frorti mercurial vi- 
triol approaches much nearer to abfolute purity 
than any we have hitherto poffefTed. 

> t 

In proportion to the feparation of the volatile 
vitriolic, and dephlogifticated air, the mercury, 
which had been combined with them in the 
mercurial vitriol, was revived^ recovered its 
form, and pafled over in diftillation a^ running 
mercury. This however was not wholly the 
cafe, for two fpecies of calx of mercury fublimed 
into the neck of the retort. The one was white 
and had a faline appearance; the other was 

grey. 
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grey. I fhall take an opportunity of examining 
thefe calxes> which are fuch as M. Beaume has 
declared to be incapable of being reduced with- 
out addition. When the operation was finifliedt 
nothing remainedl in the retort. 

On calculating the produ&s of this laft ope- 
rationj and comparing them with thofe I had 
ob|tained from an equal quantity of mercurial 
vitrioU in a common apparatus for diftillation^ 
I found that two ounces of this metallic com- 
pound yield, 

I ft. Of water or phlegm i 

ad. Running mercury 6 .12 

3d. White calx of mercury, fublimed 3 18 

4th. Grey calx of mercury 40 

Total I 2 70 
Thequantity of mercurial vitriol was 2 

The lofs therefore amounted to 05 2 

This lofs may doubtlefs be accounted for, 
by the eighty cubic inches of dephlo^^ifticated 
air which were coUcfted, and by the volatile 
vitriolic air which w^s abforbed by the water. 

It 
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It is apparent that as no other fubftance was 
employed in this operation but vitriolic acid 
and mercury, and as the latter is recovered in 
its original metallic form, the dephlogiilicated 
air could only proceed from the vitriolic acid ; 
and, according to the opinion I had advanced, 
the dephlogiilicated air, which had been ab- 
forbed during the combuftion of the fulphur, 
is found by analyfis in the vitriolic acid. 

Another faft, which it is impoflible to deny, 
after the experiments that have been ^related, 
is, that volatile vitriolic acid is common vi- 
triolic acid, deprived of a part of its dephlo- 
giilicated air. 
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ESSAY VI. 



EXPERIMENTS ok thb COMBUSTION 
or ALUM WITH phlogistic SUBSTANCES, 

AND ON THB CHANGES EFFECTED ON AIR IN 
WHICH THE PYROPHORUS HAS BURNED. 



AS it will be needlefe to repeat every thiag 
that has been written oa the fubjed of 
Romberg's pyrophorus, and to difcufa the .va- 
rious opinions which have, fucceflively, pre* 
vailed concerning the caufe of its fpontaneous 
inflammation, I Ihall confine myfelf to recurring 
to a memoir of Mr. Romberg, which is printed 
among thofe of the Academy of Sciences for 
the year 171 8, page 238, and efpecially to that 
of M. de Suvigny, publifhed in the third 
volume of Memoirs of Mathematics and Phyfics, 
prefented to the academy by. learned foreigners. 

It will be proper on this occafion to re- 
CoUeft, that it has been proved by the experi- 
ments 
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ments of M. de Suvigny^ ift. that not only 
alum, but alio all the vitriolic falts with a 
bafis of fixed alkali^ fuch as Glauber's falt^ 
vitriolated tartar^ &c. mixed with a proper 
proportion of any light porous matter contain- 
ing phlogifton^ and urged by a degree of fire 
fufficient to bring the mixture to a red heat^ 
leave a refiduum of a blackiih hue, which has 
the property of taking fire fpontaneoufly in the 
air. 

adly.'THAT in all thefe operations the vi- 
triolic acid is converted into fulphur, fo that it 
may be faid that Romberg's pyrophorus, and 
all thofe formed by M. de Suvigny on fimilar 
principles, are merely phlogiftic hepars of 
fulphur with either a fixed alkali or aluminous 
earth for their bafis. 

3dly. That it is a proof of the convcrfion 
of vitriolic acid into fulphur in the formation 
of the pyrophorus, that in whatever manner 
this fubftance be analyfed, not an atom of 
vitriolic acid, nor of the vitriplic falts which 
had been employed in the operation, is to be 
found, but only liver of fulphur and fulphur. 

4thly. 
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4thly» That very good pyrophorus may be 
formed without making ufe of any vitriolic falt^ 
by a combination of fulphur, alkalij and pow- 
dered charcoal s a faft which proves moil in- 
conteftably that pyrophorus is a true hepar 
fulphuris.— Having ftated thefe preliminaries^ 
I fhall proceed to give an account of my own 
experiments. 

Two parts of alum and one part of fugar 
were mixed together^ and the mixture calcined 
in an iron ladle, without making it .red hot, 
till the fugar was entirely converted into char- 
coal, and neither fmoke nor vapour continued 
to rife. 

I TOOK two ounces of this calcined mixturCi 
and placing it in a glafs retort, in a fand heat 
of a reverberating furnace, the fire was railed^ 
and the air which feparated was received into 
jars filled with water. About 120 inches of 
fixed air firft pafled, then about 160 inches of 
air compofed of equal parts of fixed, and of 
inflammable air j and the laft produft obtained 
confifted of 180 inches of air, three fourths of 
which were inflammable, and one fourth only 

fixed 



ITS EFFECTS ON AIR. 79 

fixed air ; and the laft portions were only pure 
inflammable air. 

The fixed air may be feparated fi-om the in* 
flammablei either by fufFering them to remain 
for fome days together in the jars, Handing in 
water, when the fixed gas will be abforbed^ 
leaving the inflammable,' which does not readily 
unite with water; or the abforption may be 
accelerated by placing them in contaft with a 
lixivium of cauftic alkali, or over lime-water. 
This liquor entirely and rapidly abforbs the 
fixed air, and the inflammable air y^hich remains 
will be quite pure. By thefe methods I have 
difcovered that of 460 cubic inches of elaftic 
fluid which were obtained in this operation, 
215 were inflammable, and 245 fixed air. But 
tliis calculation of the produft muft not be re- 
garded as quite exaft, with refpedt to the fixed 
air, becaufe this acid being obliged to pafs 
through a confiderable quantity of water in its 
way to the upper part of the jar, a part of it 
was neceflfarily abforbed by that liquid during 
the courfe of the operation, and before its bulk 
could be determined. This circumftance may 
be fuppofed to have occafioned a lofs of at lead: 

a fourth 
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a fourth or a fixth of the quantity of fixed air, 
fo that the whole that was. feparated in the 
procefs muft have amounted to, at leaft, 300 
inches. 

During almoft the whole courfe of the e3t^ 
periment, a confiderable quantity of fulphur 
was feparated, part of which was fublimed and 
condenfed in the neck of the retort, and part, 
pafling in vapours through the water, was de- 
pofited on its furface in form of a fine powder. 
The operation continued about an hour and 
half. 

The refiduiim in the retort was Homberg's 
pyrophorus, was very good and ftrong, and 
flamed as foon as it came into contadt with 
the air. 



The quantities and qualities of the air dif- 
charged in the operation being fufficiently de- 
termined, I proceeded to the following experi- 
ments. 

Two drachms of this pyrophorus were placed 
on the fcale of a very fenfible balance, and I 
obferved, that it began to increafe in weight 

the 
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the moment the combuftion commenced^ and 
that this augmentation continued to take place 
for feveral minutes : in order to difcover the 
caufe on which it depended^ it was thought 
proper to obferve all the circumftances of the 
combuftion with the utmoft attention. 

I ACCORDINGLY began by introducing fuc- 
ceffively two drams of pyrophorus into different 
jars filled with fixed air^ and. with nitrous air. 
It did not give any light, nor afford any re- 
markable phenomenon. 

But the cafe was different when I placed 
the pyrophorus under jars filled with common, 
or with dephlogifticated airs ^nd as the cir- 
cumftances of thefe experiments are very re- 
markable, I Ihall give a full relation of them. 

About half an ounce of pyrophorus was put 
into a fmall glafs bottle, which was covered 
with a little glafs cover, and the junftures being 
luted fo that the whole apparatus might be 
paffed through water without any of the water 
getting into the bottle, it was conveyed undeir 
a jar filled with common air, and I accurately 

G marked 
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marked the height at which the water flood inr 
the jar. Then introducing my hand under the 
jar, I removed the cover that was affixed to the 
bottle, and made a free communication between 
the pyrophorus and the air of the jar. A con- 
fiderable degree erf* heat was immediately pro- 
duced without combuflion, and, at the fame 
time, a diminution of the quantity of air took 
place, which was, at firft, pretty rapid, but 
abated in about five minutes i yet did not en- 
tirely ceafe till after the fpace of between forty- 
five minutes and an hour had elapied.. 

This diminution of the volume of air was 
greater than any I had hitherto obferved, and 
bore the proportion of lOO to 72^:, or to more 
than ^ i whereas, in almoft all operations of this 
kind, it fcarcely amounts to a fifth. 

When the experiment was made over lime- 
water, inftead of common water, the diminution 
was the fame; and, as k advanced, I obferved 
a precipitation of the lime to be formed, which 
evinced that one of the caufes of this diminu- 
tion was owing to the converfion of a part of 
the air in the jar, into fixed air, which was ab- 
forbed by the lime-water. 

This 
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This experiment induced me to repeat the 
experiment in dephlogifticated or highly refpi- 
rable air j but I perceived the neceffity of 
making life of a much larger jar, that the phe- 
nomena might be more diflinguiihable ; in 
other refpefts I condufted the operation much 
in the fame manner as before. 

As foon as the little cover was detached from 
the bottle, and the pyrophorus came into con- 
taft with the pure air, it took fire, and burned 
with a fparkling and decrepitation, and particu- 
larly with a very fplendid light and extreme ra- 
pidity. In a fhort time, the violence of the 
combuftion abated, and the light began in- 
fenfibly to diminifh, till, in fome minutes, it 
was entirely extinguiihed. 

The pyrophorus, in this experiment, muft 
not be put into a glafs bottle, but into a fmall 
veffel made of tin, and without folder, on ac- 
count of the great degree of heat which is pro- 
duced, and would break the glafs, or melt the 
folder. 

At the firft inftant, the great heat produced 
a fmall increafe^ in the volume of air contained 

G 2 in 
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in the jar, but it was prefently fucceeded by 
a rapid diminution which alfo abated in about 
a quarter of an hour, but did not wholly ceafe 
till the air was reduced to a feventSh of the fpace 
it^ occupied preV'ious to the combuftion of the 
pyrophorus j nor was it diminifhed fo far as it 
was capable of being, for, when linfie-water 
was admitted, it was again reduced, nearly one 
half. To that the remainder did not amount to 
above a twelfth or thirteenth part of the original 
volume of air. 

The remaining parcel of air was ftill almoft 
pure or dcphlogifticated, and by continuing to 
burn frefh phofphorus in it, I at length fuc- 
ceeded in rendering ^^l of the original quantity 
of air abforbable by water. 

This experiment was frequently repeated, 
and particularly in prefence of Dr. Franklin and 
feveral members of the academy ; the circum- 
ftances having been varied by fometimes em- 
ploying common water, and fometimes lime- 
water } and I am convinced tfiat in the com- 
buftion of pyrophorus, very pure or dephlogifti- 
tated air is chahgcd into fixed air, except the 
portion which is abforbed by the pyrophorus 

itfclf. 
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icfd^ as I fiiall prefently ihevr^ and that this 
fixed air combines with the water. 

« 

Th^se effedts of the combuflion of pyro- 
phorus in dephlogifticated air, throw great light 
on the phenomena attending the combuftion of 
that fubftance in common air. The eiFefts are 
nearly the iame, but with this difference, that 
atmofpheric air not containing above ^ of pure, 
genuine air, no more than that quantity of fixed 
air is formed and abforbed. The remaining ^ 
are the mephitic part of the air, the nature of 
which is not as yet at all underftood, and which, 
as I have derrionflrated on another occafioA, is 
utterly incapable of fupporting either animal or 
vegetable life» 

What has been hitherto >faid, relates only to 
that portion of pure air which is converted into 
fixed air, during the combuftion of the pyro- 
phorus. It remains that I fhould give an ac- 
count of fome circumftances which, to me, ap- 
pear to prove, that a confiderable portion of 
this air is abforbed by the pyrophorus, while 
burning, and combines with it i and that it is 
the furplus only that isr changed into fixed air. 

G.3 And, 
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ANt), I ft. the diminution of the volume of dc- 
phlogifticatcd air, at the_ beginning of the com- 
buftion of the pyrophorus^ is much greater than 
could proceed from the mere combination of 
fixed air with water. It is well known that this 
combination is not, in general, efFeded very 
readily, without agitation, whereby the points 
of contaft between the fixed air and the water 
are multiplied. Thefe circumftances do not 
take place under the jar where the combuftion 
of the phofphorus is carried on, / and, on the 
contrary, the great degree of heat which is ex- 
cited is an almoft infurmountable obftacle to 
the union of the air and water, 

adly. It is a known faft that pyrophorus 
increafes in weight while burning; that this 
augmentation is very rapid, and nearly equal 
to the portion of air which wc may reafonably 
imagine to be abforbed in this procefs. It is 
true that thofc who have obferved that pyro- 
phorus thus increafes in weight, have attributed 
the increafe to the moifture of the air which 
they fuppofed it to attradl, and indeed it muft 
be allowed, that this is likely to happen at firft; 
but when once the pyrophorus is ftrongly heated, 

when 
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when it is become red and burns with violence^ 
we cannot then fuppofe that it attrafts moifture 
from the air, for it is evident that this great 
heat muft, on the contrary, difpel and reduce it 
into vapour, if it cxifted in the pyrophorus.- 

It feems certain, therefore, from both thefe 
confiderations, that the pyrophorus abforbs and 
fixes a conliderable portion of pure air during 
its combuftion.— ^It may perhaps be alked what 
becomes of this air, and what alteration does it 
produce in the nature of the pyrophorus? This 
I intend to explain in the remaining part of 
this effay, and hereby to prove, in a more con- 
vincing manner, that there is really an abforp- 
tion and combination of air in the combuftion 
of this fubftance. 

If pyrophorus be tailed previous to its com- 
buftion, we perceive nothing of the ftypticity 
of alum, but a very difagreeable tafte of hepar 
ililphuris : when, on the contrary, it has burned 
in pure air, all the coaly part is confumed, 
it is perfedly white, it has a part of the ftyp- 
ticity of alum, and on diflblving and evapo- 
rating it, we obtain an alum, fuperfaturated with 

G 4 earth. 
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earthy fdch as Mr. Beaume has defcribed ih his 
Chemiftry. 

Xhis laft obfcrvation difcovers to us every 
thing which happens in the formation and com- 
buftion of pyrophorus. We clearly perceive 
that the vitriolic acid of the alum paffes into 
the ftate of fulphur while the pyrophorus is 
forming ; whereas^ it changes again to the ftate 
of vitriolic acid when the pyrophorus is burning. 
Now we have been informed by the experiments 
related in former effays, that fulphur is vitriolic 
acid deprived of its dephlogifticated air, or, 
what is much the fame, that the vitriolic acid 
is a combination of fulphur with that air, or, 
what will perhaps approach more nearly to 
accuracy, with the bafis of this pure air. Vitrir 
olic acid therefore cannot be changed from a 
ftate of acidity to that of fulphur, without 
a feparation of dephlogifticated air being pro- 
duced, and, on the other hand, fulphur cannon 
pafs frpm its own form to the ftate of vitriolic 
acid, without a fixation of this air being effedked i 
and this has been adually obferved in the ex- 
periments related in this effay. For we have 
feen that from a mixture of burnt alum and 

charco^li 



ITS EFFECTS ON AIR. Jy 

charcoal^ amrcmntmg m the weight <^twet ounces, 
abotit 400 ctrbic inches of air were feparaced^ 
a part of which wais fixed, and the other t>att 
inflammable air. But the pyrophortisi on the 
contrary, when in combuftion, abforbed a very 
large quantity of pure air; which fafts fully 
confirm the theory I halve ^ttticed. It will 
undotrbtedly be sifked, if the vitriciic acid 
of the alum contains pure ^ir, why do we 
principally obtain fisted ait dwitig the cal- 
cination of the alunfi and eharcodl> and alfo 
from whence proceeds the inflammable air which 
pafTesf with it I To the firft quefHbn it id an^ 
fwered, that the pure atir, or its bafis, is dOti-^ 
verted into fixed air, by uniting with the 
coaly fubftances. Of this We have a proof 
in the fcduftion of the calx of meit^ry : if it 
be reduced withoift addition, it yields only Ae^ 
phlogifticated air s but if charcod or any phlo-* 
gtflic fubftance be added, we obtain fi«ed air. 

As to the inflammable air, the quantity 
feparated in this operation is not conftantly the 
fame, but is proportionable to the quantity of 
charcoal employed. Nor is this air of the fame 
nature as that we obtain from the fblution of 

certain 
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certain metallic fubftances in the vitriolic and 
marine acids ; it is lefs inflammable^ burns with 
much more difficulty, and makes very litde 
explofion when mixed with two thirds of com* 
mon air* 

This inflammable air poflefles one remark* 
able property, viz. that of being changed into 
fixed air by combuftion. The other inflam- 
mable airs which are obtained by the folution 
of metals, either in the vitriolic or marine acids, 
difler in this refpedt, and inftead of being con- 
verted into fixed: air, at the time they are in- 
flamed, appear to yield acids fimilar to thofe 
by which they have been extrafted. Thefe 
confiderations, and fome others which it would 
be improper to introduce in this eflay, lead me 
to fufpeft that there may be three fpecies of 
inflammable air, vi?. vitriolic, marine, and 
fixed inflammable. That which is feparated 
during the combuftion of the pyrophorus is of 
this laft fpecies. And as this inflammable air 
produces exaftly the fame effefts, in burning, 
on the pure part of atmofpheric air, as charcoal 
does, I am ftrongly inclined to believe that it 
, is the fubftance of the charcoal itfelf reduced 

to 
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to vapour, and in the form of air. For the 
fame reafon the two other inflammable airs ap- 
pear to me to be, the one, a fpecies of vitriolic 
fulphur, the other of marine fulphur in an 
aeriform ftate. But as my experiments are not 
quite complete, I muft content myfelf with this 
traniient view of the fubjeft* 
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ESSAY VII. 



On THE VITRIOLISATIOW OF MARTIAL 

PYRITES. 



THE pyrites which are the fubjeft of this 
memoir, are the common vitriolic mar- 
tial pyrites, of the moft common fpecies, which 
are frequently found in chalk, and in almofl all 
clays, &c. with the nature of which we are 
well acquainted. But with refpeft to my pre- 
fent views, it will be only neceffary to confider 
them as compounded of iron and fulphur. 

If pyrites be diftilled in an earthen retort, 
with a red heat, a confiderable quantity of ful- 
phur is fublimed, and coUedted in the neck of 
the retort. 

If, on the contrary, thefe pyrites remain in 
a warm moift air, they crack on their furface, 
fplit, fall in pieces, and become covered with 
vitriolic efflorefcences. And, when they have 
been expofed for a fufficient time to the air, 

if 
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if they be lixiviated, they yield, a great quan- 
tity of martial vitriol 5 but if diftilled in this 
ftate, not a particle of fulphur will be obtained. 

The intervention of air is indifpenfibly necef- 
fary to the vitriolifation of pyrites, which may 
be preferved in their original ftate as long as 
they can be protefted from the a6tion of that 
fluid. A flight covering of oil is fuflicicnt for 
this purpofe ; and we And by eitperience, that 
they may be kept unchanged under water. 

Since pyrites, therefore, are compoiibd pf 
fulphur and iron before their efflorefcence, end, 
after it, of vitriolic acid and iron, it is evident 
that the fulphur is converted into that acid, by 
the effeft of the vitriolifation. 

Now as I have declared> and, I trufl:, proved, 
in the eflays on the combuftion of fulphur, and 
phofphorus, vitriolic acid is compounded merely 
of fulphur faturatcd with very pure or dephlo- 
gifticatcd air ; or in other words, that fulphur 
is vitriolic adid deprived of part of its dephlo- 
gifticated air, and vitriolic acid is fulphur with 
an over-proportion of the fame air : the ful- 
phur of pyrites, therefore, cannot be changed 
into vitriolic acid without abforbing pure air. 

I The 
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The neceflity of expofure to the air for 
vitriolifing pyrites, was a ftrong prefumption 
in favour of the theory ; but as it was poflible 
to confirm it by experiments, and as, in che- 
miftry, we fliould never be content with 
reafoning, when we may prove by fadls, I 
proceeded in the following manner. 

I KEPT fome martial pyrites in a moderately 
warm place, till they began to efflorefce, when 
they were immediately removed and placed 
under a glafs receiver, plunged in water. The 
progrefs of the vitriolifation went on at firft 
as rapidly as in the open air; it afterwards 
abated, and* at the end of eighteen or twenty 
days, was entirely fufpended. During all this 
time the water continued to rife in the jar, in 
proportion to the rapidity of the vitriolifation> 
and on the eighteenth day began to remain 
ftationary. 

The air, in which the pyrites had been con- 
fined, extinguifhed candles, but it neither pre- 
cipitated lime-water, nor united with alkalies. 
It was reduced to that ftate which I have 
denominated the mephitic portion of the atmo- 
fphere, which had loft about \ of dephlo- 
gifticatcd air \ fo that the pyrites in acquiring 

. a vitriolic 
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a vitriolic property^ had abforbed a portion 
of pure air^ from the atmofpheric air under 
the receiver, and the tranfition of the fulphu- 
reous part of the pjrrites to vitriolic acid is 
fubjeA to the fame law, and cannot take 
place, but by the union of dephlogifticated air 
with the fulphur. 

The progrefs of the vitriolifation of pyrites 
is much more rapid, if the operation be carried 
on in dephlogifticated air. But as I have not 
purfued this experiment with fufficient attention, 
I fhall poftpone giving a particular account 
of it. 

The vitriolifation of pyrites therefore depends 
on the addition of dephlogifticated air or its 
bafis to the fulphur of the pyrites, whereby 
the vitriolic acid is formed, which meeting with 
iron in a ftate of very minute divifion, muft 
necefiarily attack and diflblve it as faft as it 
is formed; and from this union proceeds 
martial vitriol. 
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ESSAY VIII. 



General considerations on the NATURE 
OF rm ACIDS, AND on the principles 

OF WHICH THEY ARE COMPOSED. 



WHEN the ancient chemifts had arrived 
at the power of reducing a body into 
oil, fait, earth and water, they believed that 
they had attained the utmofl: bounds of che- 
mical analyiis, and they accordingly bellowed, 
on fait and oil, the appellation of chenokal 
principli^s. 

ByT as the art was continually improving 
in its progrefs, fucceeding chemifts perceived 
that the fubftances which they had been taught 
to confider as principles, were ftill capable of 
decompofition s and they foon difcovered that 
all the neutral falts, for example, were formed 

by 
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by the union of two fubftanccs, viz. of fome 
acid^ with a faline ba(is of either an earthy or 
metallic nature. 

4p£NC£ the whole theory of neutral falts, which 
engaged the attention of chemifts for above an 
age, is at prefent brought to fuch a degree of 
perfeftion, that it may be regarded as the moft 
certain and complete part of chcmiftry. 

In this date, in which the fciehce of chemiftry 
has been delivered to us by our predeceffors^ 
it remains for us to perform, on the conftituent 
farts of neutral falts, what preceding chemifts 
have eflfefted on thofe falts themfelves j— -to 
examine the acids and the bafes of which they 
are compofed, and to advance this kind of 
chemical analyiis fomewhat farther beyond it^ 
prefent limits. 

^ |n the foregoing eflays I have endeavoured 
to prove as clearly as is pofTible by phyfics 
and chemiftryi that the very pure air which 
Dr* Prieftley has denominated depblogifiicated 
atfi enters^ as a conftituent party into the com- 
pofition of feveral acids, and efpecially into that 
of the phofphoricy vitriolic^ and nitrous acids. 
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Many additional experiments enable me tc^ 
generalife this dodtrine, and to declare that this 
pure and highly refpirable air, is the conftitutive 
principle of acidity ; that this principle is com- 
mon to all the acids ; and that the difFerepce 
by which they are diftinguifhed from each other 
is produced by the union of one or more prin- 
ciples befides this air, fo as to conftitute the 
particular form under which each acid appears. 

These fafts being, in my opinion, firmly 
eftablifhed, I fhall in future diftinguiih dephlo- 
gifticated or highly refpirable air, in a ftate 
of combination or fixity, by the name of the 
flcidifying principle, or, if any perfon prefer to 
cxprefs the fame fignification by a Greek word, 
the oxyginous principle. This name will prevent 
circumlocution, give more exaftitude to my 
mode of exprcflion, and enable me to avoid 
thofe errors, which might be continually occa- 
lioned by ufing the word air. For this name, 
fince the modern difcoveries, is become a generic 
term, and is tnoreover applicable to fubftances 
in an elaftic ftate ; whereas at prefent we are 
to confider them as combined, and either in a 
liquid or concrete form. 

Without 
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Without repeating the particular details 
which I have before related, I 0iall only in a 
.few words, and in the new terms I have adopted^ 
Call back the recolleAion of the academy to the 
following portions : 

ift. That the acidifying or. OxygiftQus prin.- 
ciple, combined with the matter- of fire, ofh^t, 
.and of light, forms pure or :dephlogifticated air. 
It muft be allowed, that this firft piopofition is 
;>ot flriftly^ proved, and perhaps- is not capable 
jpf abfolute demonftration. I have therefore 
jKtyanced it merely as an jde^: which I appre- 
hend is very probable ; and it: muft not be con*- 
founded with the following, which arefupported 
by experiment and: pofitivc^proofs. .. 

adiy. That the fame acidifying principle, 
combined with phlogiftic fubftances or charcoal, 
forms fixed air. 

3dly. That with fulphur . it fpnm vitriolic 

acid. 

... . . » • . I 

4thly. That with nitrous air it form« 
jnitroiis acid. 



\ • t 



fthly. That with Kunckci*i phofphorus it 
forms phofphoric acid. ' '^' '" 

Ha 6thly. 
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6thly. TrixT with metallic fubftances in 
general it forrtis metalli<! calces, faving the 
-ttiiceptions -which 1 Ihall fnentioq in this ' or 
ibme foture effay. ' 

Thus far then docs our prefent knowledge, of 
iJite €0nflbitiatk)h of the^ acidifying principle 
Hiiih the varicmi; fiibftah^e^ - in nature, extertd^ 
•arid it is not difficult ttf-jietccive that ther<?4s 
•ftiW a vafl>>fleiaieft'to be'tra^^fed; that 'there 
remains a part of chemiftfy ^hrVffi is-quice heW 
and hitherto entirely unknc^hj and -which can^ 
not be cdmptete, till we arc ^le to Ae^tiptfiHt 
diexiagree of "affinity which this pri(nci{>}e bea^k 
<o:^4iit7che ibbfkances with ivhich it isC4{^abl€ 
of combining, and p know; the-dlfi^ent TpecJ!6« 
of cpj[if)ppuiu|5^;^lxich refult from . thofc . com- 

Wpatiop^....' ^., ;,.,;:,... ^. .,^ ..;. 

/» 

. • . • - ! r< ' ■'..' 

Every chemift is fenfible that the more 
firfipte •' tfitf^'tioftes are bri' Which We operate, 
and the nearer approaches we make in tHfe 
rsdu^flicni (M& fob(fl!antes» * to their elem^tary 
atoms, the more difficult become the midanifc 
0f. thdt:« d^cc^pofuion, ,?fld , . rccompofi^ion. 
We know, tlicrefore, t^t;^tp..;decompQf9 ,^p4 

T - recompofc 



aF T H-E- A C I D a - "ioji 

recompofe the acids^ mud be attended with nnicH't 
greater difficulties than the analyfis, of tho-'V- 

* 

neutral falts^ into the combination of r 'which /.. 
ihey enter. I hope, however^ to be able to 
fliew, in future, that there 'is no acid> that of 
fea fait perhaps excepted, which may not be 
deconnpoimded and recompounded, and which 
we cannot deprive of the principle of .acidity, 
and Felice it again whenever we pleafe. 

This kind of experiment requires great 
variety of method ; and the proceflfes ncceflkry 
to perform the combination vary according to 
the difierent fubftanccs on which we are to 
pperate. In fome cafes, we are obliged to have 
recourfe to combuftion, either in atmofpheric 
Or very pure air,, as when fulphur, phofphorus or 
charcoal are the objefts. Thefe fubftances, 
during the combuftion, abforb the acidifying 
principle;, and by its acceflion are converted 
into vitrioliCj phofphoric, and aerial acid or 
fixed air. With refpeft to other fubftances, 
the mere expofure to the air, aided by a 
moderate degree of heat, is fufficient to pro- 
duce the combination s and this happens to 
all vegetable iubftances, that are capable o£ 

H 3 pafBng 
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. '.paffing to the- acid fermentation. In every 
; "Operation of this kind, there is an abforption 
'- of thepure J)iaLrt of the atmofpheric air, and the 
acidifying principle forms as many particular 
acids as there are itibftahces capable of paSing 
to the acid fermentation. After all, we are 
obliged, in moft cafes, to have recourfc to the 
fcience of affinities, and to employ the acidify- 
ing principle which is previbufly engaged' in 
another combination, 

The example of this nature, which I defign 
to adduce, is one taken from an experimene 
which has been very well known for fomc 
years, and related in Mr. Bergman's memoirs, 
viz. the formation of the acid of fugar. This 
acid, according to the experiments which I 
am going to relate, appears to me to confift 
only of the fugar itjelf combined with the 
acidifying or oxyginous principle: and I intend 
to demonftrate, in feveral fucceffive memoirs, 
that we may, by procefles analogous to this, 
unite this principle with the horn of animals, 
with (ilk, with animal lymph, with wax, effential 
oils, e^Kpreffed oils, manna, ftarch, arfenic, iron, 
god, probably, with many other fubftanccs of 

the 



OP THE ACIDS. . I03 

the three kingdoms, which are thereby con- 
verted into true acids. 

Before we proceed farther, it may be neccf- 
fary to recoiled that the nitrous acid^ as appears 
from the experiments I have formerly related, is 
the refult of the combination of nitrous air with 
the acidifying principle; that the proportion 
of thefe two principles varies in different parcels 

f 

of nitrous acid ; that, for example, the fmoking 
acid is fuperfaturated with nitrous air ; fo that 
we may confider the fmoking fpirit of nitre 
as a nitrous acid impregnated and overcharged 
with nitrous air; whereas, on the other hand, 
that which yields white vapours is fuperfatu- 
rated with dephlogifticated air. To thefe 
opinions I Ihall add that from a number of 
experiments I have made fince the publication 
of my former memoir on this fubjeft, I am 
convinced that the nitrous acid, which I have 
employed on thefe occafions, and which was con- 
ftantly the fame, contains about 240 cubic inches 
of aeriform fluid in every ounce, viz. 120 inches 
of nitrous, and about an equal quantity of 
dephlogifticated air, which is nearly equal in 
weight to 48 grains of nitrous air^ and 60 

H 4 grains 
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grain$ of the acidifying principle to each 
ounce. — ^The whole of the remainder confifts 
of phlegm or water. 

From thcfe premifcs it may be always con- 
cluded, that whenever I have introduced, into 
a combination, one ounce of nitrous acid, and 
have obtained, in the courfe of the operation^ 
ICO inches of nitrous air, there will remain in 
the combination lao inches of very pure air, 
or 60 grains of the acidifying principle. Let 
us then apply thefe fadbs to the combination of 
nitrous acid with fugar. 

Into a fmall glafs retort were put four 
drachms of fugar, to which were added two 
ouiiCts of water, and two ounces of the nitrous 
acid, I have above defcribed. The retort was 
placed over an open fire in a fmall reverberatory 
furnace, and to its neck, which was very long, 
a bottle, with two necks, was adapted, into 
which were introduced eight ounces, fcven 
drachms, and twenty-four grains of diftilled 
water. To the fecond neck of the bottle a 
jgl^r^ tube was luted, and communicated with 
9 pon>nr)on chemico-pneumatic jipparatus ftand- 
jpg in water, 

It 
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It is plain that by thefe difpofitions I had 
a double adv^^tage ; or the one hand that of 
retaining, in the intermediate bottle, whatever 
might pafs in diftillation, and be capable of 
being condenfed: and, on the other, that of 
receiving in the jars, the different kinds of 
air which might be feparated ; fo that there 
could be no defe<9: in afcertaining the whole 

amount of the jprodiifts of the operation. 

I- 

All the junftures were carefully luted with 
fat lute, which was covered, with flips of cloth 
^read over with a mixture of white of egg and 
fallen limes and as foon as this exterior cover- 
ing had become fo dry as to be fufiicient to 
fecure the fat lute, in cafe of its growing 
moift, fome lighted coals were put under the 
retort. 

At .firft the fugar difiblved quietly; but as 
foon as the liquor had acquired forty or forty- 
five degrees of heat, by Reaumur's thermometer, 
a very brifk ebullition, or rather eifervefcence 
enfued, which proceeded from a very rapid 
feparation of nitrous air, the pureft and ftrongeft 
I had ever obtained. It is ncccITary to proceed 

very 
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very gradually in this operation, otherwife the 
acid of fugar itfelf would be decompofed, and, 
inftead of obtaining pure nitrous air, we fhould 
have a confiderable mixture of inflammable 
and fixed air. It will be neceflary therefore to 
withdraw all the fire, the moment the ebullition 
commences, and to replace it only, in fuch 
portions as may be neceflary to keep up the 
boiling. When the operation is advanced one 
half or two thirds, the nitrous air no longer 
pafics fo pure j it at firfl: becomes mixed with 
a fmall portion of fixed air, which keeps con- 
tinually increafing, and a little inflammable air ; 
and, when nothing pafles but thefe two fpecies 
of air, the operation may be confidered as 
finilhed. 

Having divided, into a great number of 
portions, the aeriform fluids which had been 
feparated during the procefs, I proceeded to 
examine their nature, by the diflPerent methods 
with which we are fupplied by modern che- 
tniftry, and I found that the two ounces of 
nitrous acid, and the four drachms of fugar^ 
which had been employed, had yielded 



Of 
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Inches» 


Of nitrous air. 


- 


190. 


Fixed air. 


- 


90. 


Inflammable air. 


- 


^s- 



305- 

When I had feparated the veffcls, there were 
found in the retort, two ounces, fix drachms^ 
and eighteen grains of a tranfparent colourlels 
acid, fimilar to that defcribed by BergmaOt 
except that it was liquid ; and the water in the 
intermediate bottle was increafed in weight 
one ounce, two drachms and twelve grains, was 
moderately acid, and had a flight nitrotis 
odour. 

It will readily be underftood, that in order 
to be accurate in the account of the produds 
of this experiment, it was neceflary that the 
quality and quantity of the acid, which had 
been diflilled and condenfed in the intermediate 
bottle, fliouid be clearly afcertained, as no exaft 
calculation could be made without deducing 
this from the whole quantity of acid employed. 
For this purpofe I gradually dropped, into the 
add liquor of the intermediate bottle, an alka* 
line lixivium, compofed of five parts of water, 

and 
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and four of very pure fixed vegetable alkali • 
The quantity neceffary to produce an exa€t fatu- 
ration amounted to fix drachms twelve grains. 
I then determined by another experiment, how 
much of the original acid would be required to 
^turate an equal portion of the alkaline liquor^ 
and found the quantity to be three draciuns 
fifcy-fix grains and j-. And therefore, of the 
two ounces of nitrous acid employed^ three 
drackns^ f^ty-fix grains had pafled unchanged 
istto the receiver, and confequently not above 
one ounce, four drachms> fifteen grains ^ had 
really contributed to the other produds of the 
experiment. 

Now one ounce of nitrous acid is compofed, 
as has j,uil been obferved, of 240 cubic inehjes 
of aeriform fluids, viz. of lao cubic inches of 
ftitrous air, and 120 inches of very pure or dp- 
phlogiflticated air,. £0 that in the above experir 
Bocnt I had adually combined with the fugj^ 
xSj cttbic inches of nitrous air, and the fanip 
cjuantity of very pure air, which anwunt k> 
weight to Ibmewhat more than one drachnri of 
mtrous air, and nearly one drachm and h^lf 
cf the acidifying principle. It has been fee^ 

that 
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riwt daring the combination there were fepa- 
rated 1 90 inches of nitrous air, which amounts 
to the whole quantity employed : there remained 
therefore combined 183 inches df pure air; and 
in the compofition of two ounces, fix drachms, 
eighteen grains of faccharinc acid reniaining in 
the retort, were contained four drachms of fugar 
and 183 inches, or one drachm thirty grains of 
very pjL^rc air, or the acidifying. principle; ex* 
clufive of the portion of fixed air^ which was 
fcparated towards the conclufion of the procels, 
and proceeded, as will be prefently fhewn, froai 
the decompofitibn 6f th6 faccharine^ acid itfelfl 

■ 

Mr; Bergman, and all fubfequent writers 
on ihis fubjeft, have therefore been miftaken in 
confidering the faccharine acid as the refult of 
the decompofition of the fugar ; for it appears 
certain, on the contrary, that this acid is formed 
by-the combination of the fugar with nearly 
y t)f its weight of the acidifying principle. * 






INcrr.'wilhing to depend on this firft expert^ 
ment» . I was defirous of knowing the difference 






^ /^ . J,T \&, nptwith(landing»j>robable that the phlogiflon 
q{ the fugar, at leaft, in part, unites with a portion of 
tho nitroas acid, to form the nitrous air. T. H. 
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in the refults> when different portions pf fugar 
and nitrous acid might be iifed ; and I there- 
fore repeated the experiment with the fame 
circumftances> and the fame quantities of 
nitrous acid and,water> but with only three> 
inftead of four^ drachms of fugar> and I 
obtained 

Inches 

Of nitrous air^ - - 176, 
Fixed air, - - - 1 27. 
Inflammable air, - - 17. 

I impute the . greater portion of fixed air 
obtained in this procefs to the fire having been 
raifed rather more towards the conclufion, and 
having been continued for rather a longer tinie> 
than in the former experiment. 

The operation being finiihed, and the vefiels 
unluted, the retort was found to contain: one 
ounce, feven drachms, forty-eight grains of liquid 
faccharine acid, and proceeding in the fame 
manner as before, there appeared to have palled 
by diftillation, into the intermediate bottle^ 
four drachms, nine grains and half of the nitrous 
acid originally employed \ fo that the quantity 

of 
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of nitrous acid^ which had aAually entered 
into the experiment, amounted tp no more 
than one ounce, three drachms, fixty-two grains 
and half; which, according to the above de* 
termined proportions, fhould contain 178 
inches of nitrous air, and as much pure air; 
from whence it appears, ift. that the whole 
of the nitrous air had been thrown ofF, the 
pure air or acidifying principle only remaining, 
adly. That the three drachms of fugar em- 
ployed had attrafted, during the efFervefcence, 
e>ghty-nine grains of the acidifying principle, 
and that thefe two fubftances, when united, 
and combined with phlegm, formed together 
the quantity of one ounce, feven drachms, 
forty-eight grains of faccharine acid. 

Independent of the information, which 
experiments of this kind afford, upon the 
nature of acids, they furnifh us with a new 
method of analyfing animal and vegetable fub- 
flances; and though I have nothing quite 
complete to prefent on this fubjeft, I fhall 
proceed to give an account of the firft effay 
which I have made upon fugar. 

In 
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. In the fame apparatus that was uied in the 
preceding experiments, I mixed two oxmccs 
•of nitrous acid, with an lequal quantity df 
water and fix drachms of fugar, and proceeded 
in the fame manner, receiving, in an inter- 
mediate bottle, the nitrous acid, which c^e 
over in diftillation. Wheii no more iiitrdus 
air was Separated, and nothing remained in 
the retort, but the faGCharine acid, the veflfels 
were unluted, the intermediate bottle was re- 
moved, and I continued to keep up a gentlfc 
fire under the faccharine acid, receiving tht 
air, which- was feparated, diredkly into jar«> 
till at lafl:> having raifed the fire a little high«r> 
towards the end, there was left only a fmaH 
coaly refiduum in the retort. I divided, into 
ten parts, the elaftic fluid which had been 
difengaged during the operation, and very 
attentively and accurately feparated thc^ dif- 
ferent kinds which I had obtained. The fol- 
lowing table' prcfents the whole refuks df ihc 
experiment. 
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An Account, in Cubic Inches, of the Kinds and 
Quantities bf the different Aeriform Fluids obtained 
in the Combination of Two Ounces of Nitrous Acid, 
and Six Drachms of Sugar, the Operation being 
carried on to Drynefs. 











) 


Portions. 


.Nitrous Air. 


Fixed Air. 


Inflammable 
Air. 


Total. 


Firft 


56 f 


-- 


-- 


56 J 


Second 


49 T 5 


6 


-- 


55 t1- 


Third 


23t 


221. 


4^ 


504 


Fourth 


21 A 


30 f 


41 


56tV 


Fifth 


I4A 


45 T 


1 5 


63 


Sixth 


15 


39t 


7i 


6i| 


Seventh 


-- 


2H 


H 


36i 


' Eighth 


-- 


48 


"^ 


59t*5 


' Ninth 


— 


32 T% 


8 


40/5 


Tenth 


-- 


25-1% 


17 


42 /b 


Totals 


18044 


^77tU 


74=re 


52244 



I, AT this time, put no water in the inter- 
mediate bottle; and when the operation was 
finiflied, there were found in it two ounces and 
half of weak nitrous acid, which, from the 
quantity of alkaline liquor faturated by it, an- 
fwcred to four drachms, feventecn grains of 

I • the 
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the original acid ufcd in the experiment. From 
hence it appears, that only one ounce, three 
drachms, fifty-five grains of nitrous acid had 
been decompounded : and this quantity is 
compofed, according to the foregoing propor- 
tions, of about 177 inches of nitrous air, and 
an equal portion of pure or highly refpirable 
air. 

It is apparent from a view of the above table, 
that the nitrous air which had entered into the 
combination as one of the conftituent parts of 
the nitrous acid, was thrown off in the form 
of gas, or in an aeriform ftatej but it may be 
afked what is become of the pure air or 
acidifying principle, which conftituted the 
other principle of the nitrous acid ? We have 
fecn, from the preceding experiments, that it, 
at firft, entered into combination with the 
fugar, in order to form with it a particular acid; 
and from the prefent experiment, we learn, 
that if, after the faccharine acid has been 
formed, the fire be moderately raifcd, the acid 
is almoft wholly refolved into fixed and inflam- 
mable air. For what is fixed air ? 1 have de- 
monftrated, in another place, that it is the re- 

&lc 
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fult of a combination of phlogiftic matter with 
the acidifying principle -, from whence it Ihould 
leem that fugar is compofed of a fmall portion 
of inflammable air and much coaly matter. 
The latter uniting with the acidifying principle 
of the nitrous acid, forms with it the large 
quantity of fixed air which is obtained towards 
the end of the operation. I intend, by further 
experiments, to illuftrate any obfcurity which 
rriay attend this mode of analyfis. 

Every thing 1 have related as to fugar, may, 
as 1 have already remarked, be applied to a 
great number of animal and vegetable fub- 
ftances j from almoft all of which, by com- 
bining them with nitrous acid, or, more pro- 
perly, with the acidifying principle contained in 
that acid, we obtain particular acids, many of 
which have, indeed, fome properties in common, 
but afford diftindt charafters in the refult of 
their combinations. Here, therefore, we have 
a new road opened in chcmiftry ; and that part 
of this fcience which treats of falts, to which 
fome German chemifls *have given the name of 
balotecbnicy inflcad of employing five or fix 
icids, is now pofTefTed of more than double 

I 2 that 
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thjat number^,. reckQoing only thofe of whichi 
I have already acquired ^. knowledge « and it 
13 not CO be doubted> buc the numbec ^Ul be^ 
in future^ confiderably increafed. 

From all thefe refleftions, and from the C3^ 
pehments contained both in this efCuy and 
fome of the preceding ones>. it refults,. 

I ft. That when the acidifying principle 1% 
combined with any body without decompofing it, 
(excepting, however, moft metallic fubftances,) 
it converts fuch fubftance into a particular acid> 
which, exdufive of the general properties which 
are common to all the acids, has others which 
are peculiar to itfelf. 

2dly. That, with refpeft to metallic bodies, 
it forms, with moft of them, compounds known 
by the name of metallic calces^ It muft how^. 
ever be added here, that, even in this clafe of 
fubftances, there are fome, as arfenic, iron, and- 
perhaps feveral others, which, when combined 
with the acidifying principle, to a certain degree 
of fuperfaturation, not only affume a faline cha- 
rafter, but even acquire properties common to 
the acids, and, like them, become true folvents. 

3dly. That 
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3dljr. That the acidifying principle, lik* all 
the others, has its different d^ites of affinity 5 
and pofleffes, for inflance, a much flrongcr 
dffinity to fugar Htyd moft ahinlal and iregetable 
Tubftances, than to nitrous air^ and that it is 
in confequcnce of this preference that it quits 
the latter to, form, with different fubftances, 
various kinds of acids. 

4thly. That th« number of acids, which may 
be formed, is as yet wholly indeterminate, as 
we are unacquainted with the whole of the fub- 
fiances which are fufceptible of combining with 
the acidifying principle ; and we are flill lefs 
informed of the means which may be ufed to 
efleft this combination. 

5thly. That the nature of the nitrous acid 
appearing to be better known, at prefent, than 
it was fornnierly; and two diflindt principles, viz. 
nitrous air, and pure air, or the acidifying prin- 
ciple, being proved, almofl to demonflration, to 
exifl in that acid j it affords to chemifts a 
valuable means of analyfis, and is capable of 
throwing confiderable light on that of vegetable 
fubftances. 

1 3 6thly. That 
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6thly. That it feems not altogether im- 
poffible, efpecially from the laft experiment re- 
lated in this eflay> that the phlogiftic matter 
b wholly formed in vegetables, and is not, as 
chemifts have hitherto imagined, the efieft of 
fire. 

All thefe conclufions will be illuftrated and 
more firmly eftablifhed by examples, which I 
defign to adduce in a fubfequent train of me« 
nioirs on this fubjedt. 



ESSAY 
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ESSAY IX. 



On the combination of the MATTER of 
FIRE WITH EVAPORABLE FLUIDS^ 

AND ON THE FORMATION OF ELASTIC 

AERIFORM FLUIDS. 



I SHALL fuppofe in this effay, that 
every part of the planet we inhabit is fur- 
rounded with a very fubtile fluid, which 
penetrates, without any apparent exception, 
all the bodies which compofe this globe -, 
that this fluid, which I fhall call the igneous 
fluids the matter of fire y of heat and of light, 
has a tendency to place itfelf in equilibrium 
in all bodies, but is not capable of penetrating 
all, with equal facility ; and that it exiftis, 
fometimes in a fl:ate of liberty, and fometimes 
in a fixed form and combined with other 
fubftanccs. 

I 4 This 
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This opinion, of the exiftence of an ignepus 
fluid, is fo far from being new, that it was 
Embraced by many philofophers among the 
ancients ; and it will therefore be unneceflary 
that I fhould relate the fafts on which it is 
founded: efpecially as the future memoirs which 
I have to prefent on the fubjeft, will ferve as 
proofs of its reality. Indeed if I ihew that 
this theory is univerfally agreeable to aU the 
phenomena, and explains all the circumftances 
attending experiments in phyfics and chemif- 
try, it will almoft amount to demonftration. ' 

Whenever we form certain combinations 
in water ; when, for example, we unite a fluid 
acid, that is, an acid diflblved in water, with 
a fixed alkali, alfo, in a fl:ate of folution., a 
neutral fait is formed, and, if the quantity of 
water be fufficient, the fait is kept diflblved. 

In every experiment of this kind, the water 
ads in two diftinft ways. One part is ab- 
forbed by the faline combination, and is called^ 
by chemifl:s, the water of compofition ; ano- 
ther part takes the name of th? water of fo- 
lution, and keeps the particles of the fait fo, 

equally 
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equally fepa^rated from ^ach other, that ey^ry 
pprtion of the liquor is equally impregi^ted 
with them. 

The fame phenomena prevail relative to the 
igneous fluid* As all the bodies in nature are 
immerfed in this fluid, and have imbibed ionic 
of it, there is fcarccly any combination whatever 
but contains a greater or fmaller quantity of the 
matter of fire. We fhould therefore di(tinguifh> 
in bodies, between the fire of folution, and the 
fire of combination ; between fire in a ftate of 
freedom,, and fire when combined ; in the fame 
manner as was above obferved, with refpeft to 
water, in the folution of falts. 

Af!E5R this explanatipn, it will not be difficult 
to give a preciie idea of what we underftand by , 
heat. Its intenfity is meafured by the quantity 
of free and uncombined igneous fluid contained, 
in bodies. Though we have no exadt fcale to 
determine the proportion of igneous matter, we 
are at leaft poflefled of methods of eftimating it. 
Thefe mc^ns are fupplied by .the dilatation of 
bodies, which is efiefted merely by introducing 
i^to them a greater quantity of the matter of 

fire. 
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fire. Thus, when a thermometer is heated, and 
made, to rife, . we only mix a greater quantity 
of that matter with the liquor in the tube ; for 
it is not at All furprifing, that in mixing two 
fluids together, the mixt fhould occupy a greater 
ipace than was held by one of the ingredients 
only. 

With regard to the impreffion which the 
igneous fluid makes on our organs — an im- 
predion pleafant and reviving when moderate, 
but painful and deftruAive when it exceeds 
certain limits — it proceeds entirely from the 
tendency in that fluid to combination. We fhall 
prcfently fee that befides . the power of pene- 
trating into bodies, and feparating theii* par- 
ti(2les, it pofleflcs the property of converting 
fluids into vapour, when combined with them 
in^certain proportions; and this converflon into 
vapour neceflarily implying a deftruftion of 
organifation, mud confequently occafion a pain- 
ful fenfation. 

Having thus fufficiently defined what I mean 
by the matter of fire, or rather by free fire, 
and by fire in a ftate of combination, it remains 

for 
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for me to add fome general reflexions upon 
what muft neceflarily happen in the difFerent 
combinations. 

We know that everjr mixt, every coiihpound> 
has its own proper portion of igneous fluid ; 
a kind of ^xa£i: point of faturation : for the 
law of faturatioi^ feems to be general in every 
phyfical and chemical combination. • Froni 
^whence It follows, that whenever mixts and 
compounds are brought' together, fo that de- 
compofitions and new compofitions are the re- 
fult^ one or other of the three following cafes 
takes place : either the quantity of fire, which 
enters into the combination, will be the fame 
as before, or there will be a decreafe, or laftly, 
an increafe of it. It is evident, that in the firft 
cafe neither a feparation or abforption of the 
matter of fire is efFcfted ; or, in other words, 
that there is neither any portion of free fire 
which paflfes into a (late of combination, nor 
any fire that has efcaped from a combined, to a 
free, ftate. 

But the fecond cafe will be different s for a 
fmaller quantity of the matter of fire enters 

into 
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ioCQ the new combioacion, than exifted in the 
fernoer one$ fo that a part of the igneous 
fluids which was combined^ previous to the 
decompoficion^ will become free fire after the 
re.cofnpo&eioA» will recover its properties^ and 
produce the effects which we call heat> and be 
diflipated by dividing itfelf infenfibly among all 
th^ furrounding bodies^ till an equilibrium be 
formed. 

Is the third cafe> in which a greater quan^ 
tity of the matter of fire enters the new> thaa 
exifted in the former^ combination ; the igne* 
ous Suid of the furrounding bodies will be 
ab£>Fbe4 ^nd be changed from the ftate jq^ 
free, to that of combined^ fire. The confe* 
quence of which will be a diminution of free 
fire in thofe bodies> which will be perceptible 
by the degree of cold which takes place ; which 
cold will continue tiU all the furroonding 
bodies have feverally fupplied the deficient 
portion of free fire^ fo* as to reftore an equi- 
librium. 



Thus we are fumilhed with, a very fenfible 
and plain criterion> . by which we may deter^ 

mine 
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mine whether an abfbrpcion or fepmration of 
the matter of fire has taken place in any com*- 
bination. In the firft cafe, cold will be pro- 
duced in the furroundtng bodies i in (he fec^d, 
there will be an augmentation of heat* 

We know how impoffible it is, from the 
property of free fire to penetrate all fubflances, 
and from its tendency to preferve an equili- 
brium, to attain to any great accuracy rn this' 
kind of experiments. We#can eafily meafure, 
in a jar, the air which is feparated during^ 
the forming of any combination; but as we 
have no veffcls which can contain, without lbf$>, 
the matter of free fire ; as jars, and, in general, 
all veflels, are fo porous as to admit of a fte^ 
accefs of it 5 all we can do is to judgCy whetb^r^ 
in a (hort given time, there be any, or no elflax. 
of the matter of fire -, for, if it were poffibtc 
to eftimate its quantity, it could only be 
efiefted by means of a very complicated ap* 
proximation. I do not, however, deipair of 
making fome ufe, even of thefe methods. 

These principles^ once effablifhed, it will 
not be difficult to apply them to the formation 

of 
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of vapourS) and of aeriform^ or elaftic fluids/ 
in general. 

We have juft fcen that . whenever there 19 
an abforption of the matter of fire in any com- 
bination^ a certain degree of cold is produced 
in the neighbouring bodies* 

Therefore, reciprocally, whenever cold is 
produced, we may equally conclude, that a 
portion of free fire has paffed into a itate of 
combination, or in other words, that the com-* 
pound has abforbed a portion of the matter 
of fire or igneous fluid. 

If, therefore, I prove that whenever there is 
z formation of vapours, cold is produced, I 
Ihall alfo have proved that there is an abforp^ 
tion of the matter of fire in the formation of 
vapours, or, what amounts to the fame thing, 
that vapours are the refult of a combination of 
the matter of fire, with the fluid, in a highly 
rarefied flate. 

I FIND my only embarralTment to proceed 
from the great choice of proofs of this pofition, 

and 
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and I might tranfcribe every thing that has 
been written on the fubjeft of cold, arifing from 
evaporation, by Meffrs. Richman dc Mairan, 
CuUen, and Beaume. 

It will be unneceffary to give a particular 
account of the experiments of thefc philofo- 
phers. They merit ta be read and attentively 
confidered in the original works. It will be 
fufficient to remark that they have ihewn, 
ift. that if a thermometer be immerfed into 
any evaporable fluid, and then fuddenly with- 
drawn, the thermometer will defcend, feveral 
degrees, during the time the ball of it is dry- 
ing, and that it^ afcends again infenfibly as 
foon as all the fluid is evaporated, till it has 
recovered the exaft temperature of the air and 
of the furrounding bodies in general, adly. That 
as the degree of cold produced is in proportion 
to the evaporability of the fluid, fo the defcent 
of the thermometer is lefs rapid, and does not 
proceed fo far when the bulb is moiftened with 
water, as when fpirit of wine, volatile alkali, 
or efpecially aether, is employed, jdly. That 
if the evaporation be accelerated by any other 
means than of heat, the increafe of cold will be 

pro- 
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proportionable; fo that not only dUl evapora^ 
tion is attended with cold, but even the cold 
produced is governed by a certain kw pro- 
portioned to the rapidity of the evaporation. 
4thly. That by continuing to moiften the bulb 
of the thermometer, as faft as it becotnes dry, 
widi evaporable fluids, the cold is increafed 
more and more, becanfc the elEcIent- caufc i^' 
hereby continued. 

If the temperature of all bodies depends, as 
we have endeavoured to prove, merely oh tiit' 
Quantity of the matter of fire, or free igtieotiy 
fluid which they contain, it will follow that 
when the bulb of a thermometer is nioiftened 
with an evaporable fluid, the defcent of tlie 
mercury which enfues is occafloned by no other 
caufe, but becaufe the fluid at the tinrtfe it h' 
reduced into vapour, carries off^ from the mer- 
cury a part of the matter of free fire which kept 
it elevated to the degree at which it before' 
fl:ood. Fluids, therefore, when they evaporate,- 
deprive the furrounding bodies of a part of their 
matter of fire ; and confequently vapours, and, 
in generial, all aeriform bodies, are compofed of 
fome fluid, diflblved and combined with the" 
matter of fire. 

All 
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AiL the phenomena relative to cold may be 
rendered more evident, by placing the evapo- 
rable fluids in fuch circumflances as may be 
favourable to, and accelerate the formation of 
vapours s as, for inftance, in the vacuum of 
an air-pump. What I^am going to relate on 
this fubjed, is extradbed from a very coniiderable 
work, undertaken jointly by M. de la Place and 
myfelf, of which the academy has been already 
informed, and from a memoir which was read 
at the public meeting, lad Eafter. . 

Ok£ experiment alone, which I fhall relate, 
goes to prove three points: ift. that the re- 
fiftance of the atmofphere is a refiftance to be 
overcome, a force in oppofition to the evapo- 
ration of fluids i 2dly. that as foon as this com- 
preffing power is removed, the evaporable fluids 
expand and are changed into elafl:ic aeriform 
fluids, or fpecies of air; and 3dly. that the 
tranfition of common fluids to a ftate of elaf- 
ticity, is accompanied by an abforption of the 
matter of fire, which is taken from all the fur- 
rounding bodies. 

Let a fmall bottle, or merely a glafs tube 
of three or four lines in diameter, be fijled with 

K aether, 
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aether, and covered with a wet bladder, which 
is to be faftened clofely by paOing feveral rounds 
of thread about it, and for greater fecurity a 
fecond covering may be faftened in the fame 
manner. The bottle, or tube, is to be fo filled 
with asther, as to admit of no portion of air 
between the liquor and the bladder. Let it 
then be placed upon a good air-pump, the 
receiver of which muft be furnifhed at top with 
a leathern covercle, penetrated by a fhank, to 
which an awl or fome other fharp-pointed in- 
ftrument is to be firmly attached, for the purpofe 
of pricking the bladder which covers the bottle 
at the inftant it appears proper. 



Every thing being thus difpofed, let the 
receiver be exhaufted, till the mercury in the 
barometer of the pump defcend to two or three 
lines of its fcale, and then let the bladder^ 
which covers the bottle, be pundlured. 



4 



Immediately the aether will begin to boiJ, 
to evaporate with furprifing rapidity, and to be 
converted into an elaftic fluid,' which, in the 
winter, will keep the barometer up to eight or 
ten inches, and, in very hot fummer weather, 
to twenty or twenty-five inches. 

. If 
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If a fmall thermometer be introduced into 
the bottle containing the aether, the fluid in it 
defcends confiderably during the evaporation, 
on account of the great quantity of free fire 
which paiTes, in this experiment, into a ft ate of" 
combination, in order to reduce the aether into 
vapour. 

If the air be permitted to re-enter, the 
thermometer recovers its ordinary height, viz. 
about 28 inches. But it is very remarkable 
that the aether, thus mixed with atmofpheric 
air, is not thereby condenfed, but remains as a 
permanently elaftic fluid, and forms a particular 
kind of inflammable air, which I have not 
hitherto had an opportunity of examining. 

This experiment fucceeds with all evaporable 
fluids, with fpirit of wine, and even with water; 
but, with this difference, that the atmofphere 
of fpirit of wine, which is formed in the re- 
ceiver of the air-pump, can only elevate the 
mercury one inch in winter, and four or five 
in fummer, and the quantity of vapour is lefs 
than when aether is employed : confequently, 
the abforption of igneous fluid, and the degree 

K a of 
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of cold produced will be fmaller. But it is 
not from hence lefs certain that, in all thcfc ex- 
periments, the cold which is obferved, with 
different fluids, is always nearly proportioned 
to the quantity of fluid evaporated. 

The above phenomena are lefs flriking when, 
inft:ead of putting the fluid into a bottle clofely 
covered with a bladder, an open veflel is ufcd ; 
but as this manner of condufting the experi- 
ment, gives rife to particular obfervations, 
which may affbrd great light to the fubjeft in 
queftion, it feems neceflary to give fome 
account of it. 

Let us fuppofe fpirit of wine to be the fluid, 
the quantity of it, employed in the experiment, 
to be but fmall, and the temperature to be 
fifteen degrees. As foon as the barometer of 
the pump has defcended to nineteen lines of its 
fcale, the fpirit of wine will begin to boil, but 
the ebullition will not continue, as in the 
former experimertt: it will ceafe, on the con- 
trary> for two reafons, as foon as we difcontinuc 
the pumping: ifl:. becaufe the fpirit of wine, 
as it evaporates, is tranfmqted into an elaftic 

fluid; 
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fluid ; ' •which, forming ^ kind ef atmofpherc 
that prcflfes on the furface of the fpifit, refifts 
the progrcfs of the : ev^oration ; and adly^ be- 
^aufe at the inftadt.of ebullition a portion of 
free fire pafles into the ftate of combined firc> 
in order to conftitute the elaftic fluid which 
is- 'formed, and this circumfl:ance neceflfarily 
occalions a cooling' of the whole quantity of 
fpirit ttf wine, the . neceflary effeft of which 
muft be to retard its ebullition : fo that fup- 
pofing, as we have, that the fluid has, at firft^ 
begun to boil, the barometer being at nineteen 
lines, it fhould not boil, after it has been 
cookd by the firft ebullition, till the baronr>eter 
has defcended to eighteen lines. 

If, after the firft ebullition of the fpirit of wine, 
whidh has been produced under the receiver, 
the working of the pump be continued, the 
fpiric will not again boil fo rapidly as at firft, 
becaufe no greater quantity of fpirit will evapo- 
rate at each ftroke of the pifton, than will be 
neceflary to replace what has been carried off 
through the capacity of the pifton ; fo that this 
ebullition will always be ftronger in proportion 
as the body of the pump is larger. 

K 3 Thesk 
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These phenomena refpcfting the evaporation 
of volatile fluids in vacuo^ are fimilar with the 
volatile alkali, asther, and feveral others : but 
ofte very important circumftance is worthy of 
obfervation, viz. that all thefe fluids evaporate, 
principally, from the bottom of the veflfel, or 
in other words, that it is from thence the 
bubbles are feparated. Thefe bubbles mount up» 
and burft upon the furface, like thofe of w^ter 
when boiling in a kettle. . The caufe of this 
phenomenon appeared to me, at firll, to be an 
immediate confequence of the enfuing fads, 
and I reafoned as follows : in proportion as any^ 
fluid evaporates, it is cooled, as has been 
already fliewn, and does not recover the tem- 
perature of the place in which the operation is 
performed, till the furrounding bodies have re- 
applied the quantity of free fire, of which the 
fluid has been deprived. It neceflfarily follows 
therefore, that the fluid confined under the 
receiver of an air-pump muft be colder than 
the veflel which contains it. But the hotted 
parts fliouid be the firft which evaporate, and 
thofe wiir be the hotteft which are in conta£): 
with the fides and bottom of the veflTel, as re- 
ceiving heat from it. In a word, it is at the 

furface 
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furface that the fluid is cooled, and, on the 
contrary, it is at its bottom, and by its contact 
with the containing veflel, that it recovers the 
igneous fluid from the furrounding bodies : it is 
confequently from the bottom that the ebullition 
mufl: proceed. But however plaufibie this ex- 
planation may appear, I confefs that fome ex- 
periments have rendered it doubtful, and it is 
not without great hefitation that I have now 
related it. 

But to refume, in few words, the whole 
theory of evaporation in vacuo 5 it appears cer- 
tain that the tranfmutation of liquids into elaftic 
aeriform fluids is fubjeft to two laws, the cffcdts 
of which are oppofite fo each other. On the 
one part, the degree of heat, to which they 
are expofed, tends to evaporate them ; on the 
other, the preflTure of the atmofphcre refifts 
their evaporation ; infomuch that they are either 
in an elaftic or liquid ftace, according as one 
or other of thefe powers becomes prevalent. 
But this theory will be greatly elucidated by 
the experiments which I am now employed in 
making, in concert with M. de la Place, an 
account of which I hope foon to be able to lay 
before the academy. 

K 4 Before 
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Before I conclude this eflky, it may be 
proper to obviate one objeftion which the 
favourers of a difierent opinion will certainly 
deem unanfwerable. If> as has been declared^ 
elaftic or aeriform vapours confift of the matter 
of fire combined with an evaporaUe fluid ; and 
if no air or aeriform fluid can be formed with- 
out a portion of free fire pafling to a ftate of 
combination ; it ought to follow that^ in every 
formation of air^ cold fhould be produced i 
and it will not fail to be remarked that, when 
calcareous earth and alkalies are combined with 
acids, fo far from cold, a fenfible degree bf 
heat is often obfervable during tht feparafioni 
or rather during the formation of the air. An 
exarrtination of what happens,' on this oceafion, 
inftead of weakening, is the ftrongefl: proof of 
the truth of, this theory. 

It mufl: be allowed, that in the combination 
of acids with alkalies or calcareous earths, \|pe 
fometimes obfcrvc heat. But this circumfl:ance 
only proves that a greater portion of the matter 
of fire is difengaged in thefe combinations, than 
is neceflfary to the formarion of the fixed 
air, which then recovers its elafticity. TThis 

alTertion 
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aflertion will be proved, by (hewing that 
wc can, at plcafurej increafe or diminifh the 
heat, in proportion to the increife or dinriinu* 
tioft of the quantity of fixed air contained in 
the alkaline bafis. The following experi- 
ments arcf, in my opinion, indifputable proofs 
oftheftft. 

In five feparate' bottles were placed as many 
mixtures, each confifting of four drachms of 
concrete volatile alkali diffolved in two 
ounces of diftilled water. This alkali was 
nearly faturated with fixed air. To the firft 
of thefe bottles was added one drachm, to the 
fecond, two, to the third, three, and, to the 
fourth, four drachms of quicklime 5 the 
fifth was left without any addition. As foon 
as the lime was mixed with the alkaline folu* 
tion, it attracted, from its fuperior affinity, 
the fixed air of the volatile alkali, and was 
precipitated to the bottom of the veffel, in 
the ftate of chalk or efFervefcent calcareous 
earth. All thefe liquors being decanted, were 
placed in as many glafs bottles, and when 
they had recovered the fame degree of tempe- 
rature, they were faturated with nitrous acid, 

moderately 
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moderately, diluted/ and the change of tem- 
perature occafioned by the efFervefcencey was 
obferved by means of one of M. de Luc's 
mercurial thermometers* The following is 
an exaft relation of the refults. 

The volatile alkali, to which no addition 
had been made, and which had been deprived 
of no part of its air, fo; far from producing 
any heat, during its faturation with the acid^ 
on th^ contrary, lowered the thennomcter two 
complete degrees . 

The alkaline folutibh which had b*cn de- 
prived of a portion of its fixed air, by the 
addition of one drachm of lime, afforded two 
degrees of heat j that to which two drachms 
of lime had been added gave three degrees ; 
that with three drachms j four degrees j and, 
laftly, by that with four drachms of lime, 
four degrees and half of heat were produced. 

This laft alkaline folution, though depri- 
ved of more of its fixed air than the others, 
ftill contained fufficient to form a briifk 
efFervefcence with the nitrous acid, though 

not 
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not nearly fo much as the folution to which 
no lime had been added. 

« 

These augmentations of cold or heat would 
have been more fenfible, if the alkaline folu- 
tions had contained a greater quantity of 
fait, but the concrete volatile^ alkali not 
being foluble, in cold water, in greater pro- 
portion than that of one part of fait in four 
of water, it was not poQible for me to pro- 
cure a folution more ftrongly faturated. In 
order to complete my experiment therefore, 
I was obliged to have recourfe to volatile 
alkali obtained by diitillation with quick- 
lime; and though this alkali was not fo fiu* 
concentrated as it might have been, its com- 
bination with diluted fpirit of nitre produced 
27 degrees of, heat. For the thermometer, 
which before ftood at 16, fuddcnly rofe to 
43 degrees, at the inftant of the combination. 

The phenomena are fimilar, if fixed alkali 
be employed. A folution of this fait, entirely 
divefted of fixed air, or in a ftate of caufticity, 
produces, with weak nitrous acid, a degree 
of heat, nearly equal to that of boiling water, 

whereas 
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whereas a folution of the fame alkali,, fatu^ 
rated with fixed air, produces "6. degrees of 
cold. 



I ' • • . • . > < I . 



It is prdved, then, that pure alkaline falts, 
whether fixed or volatile, generally produce 
heat when cbmbining with nitrwas acid ; but 
that the heat diminifhes in proportion to the 
greater quantitjr of fixed air they contain; 
infonnuch • that when they are faturated with 
air, fome degrees of cold ttre produced. Fixed 
atr, therefoi*e, in pafling from a concrete ftate 
t6 that of vapour or elaftic fl;uidj carries ofF 
with it a part of the matter «of fire or igneous 
fl\!iid, which is naturally diftngaged whenever 
ah alkali is united with an acid ; and we rfiay 
conclude that this igneous fluid enters into 
the compofition of the fixed air, as into that 
of all Vapours and elaftic fluids, of ev?ry kind. 

Of this aflfertion, give me leave to add a 
yet ftronger demonftration. A very weak 
folution of fixed alkaline fait, nearly faturated 
with fixed air, was put into a bottle of ftrong 
flint-glafs, into which a fmall thermometer 

wais 
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was introduced j a quantity of fpirit of nitre 
was added^ and the bottle immediately {top- 
ped^ The preflUre, . efFefted by the want of 
communication with the atmofphere, foon 
abated the effervefcence, and confequently 
heat was produced, and the mercury in the 
thermometer mounted feveral degrees ; where- 
as it would have defccnded if the::experiment 
had been made in the open air. Having un- 
ftopped the bottle, after fome minutes, and 
agitated the liquor, the efFervefcence which 
had been before prevented, and, as it were, 
fufFoc^ted, recommenced. In fome time, the 
heat, which had been acquired while the bottle 
was clofed, was diflipated, and the mercury of 
the thermometer fqttled fomewhat below the 
degree of temperature of the external air. 

From all thefe fafts, I conclude, as has 
been already declared, that all vapour, air, 
and in general, every elaftic aeriform fluid, 
is a combination of the matter of fire with 
a fluid, or even with any volatile folid body; 
and that volatility is nothing elfe, but the 
property, which bodies poflefs, of being^ 
in fome manner, diflblved, of combining 

with 
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with the igneous fluid, and, with it, form- 
ing aeriform fluids. Experiments, which 
I defign, in future, to publifh, on this fubjeft, 
will ferve to elucidate my theory in a more 
clear and perfed manner. 



THE END. 
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